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and  tlirclric  (.'i>m|r.iiiy.  Tbi^  jyiteni  is  treated  nnder  the  follcwing 
lirads;  Complainis.  Riireatl  of  Information.  Meter  R«Ailin|, 
Oiliee  Ml^lal<e».  Card  Record,  .Accumolativc  ReporU.  and  Office 
l^bor-Mivinii  Devices. 

Oiicu^ion  b}-  I>()ty.  Knighl.  Butleruortli.   Burnett     49B  to  511. 

GuKHX.  V.nr.svi  B,  F.cimmy  in  Minn*  Siaiion  Suppiitj:  Paper  dealii 
with  methoiU  eniployed  in  reduce  coil  of  repairs,  inatnienancc 
and  supplicH.  Traintnn  of  betp  fur  ibe  varioti!!  positions  and  pnt- 
ntoiiiin  according  (o  progrM:!. 

ni^ctiskion  hy  Abbott.  Greene.  Maxwell.     181  to  18^ 

Hanokk.  W.  p.  f'iirf/fjiri'ii«d  Co*iirH<lion-  Author  of  lhi»  paper  was 
awarileil  ihc  Uolieny  i{old  medal-  The  complete  cdtiil ruction  of  an 
II nilerit round  system  i»  described.  Author  aMuincK  an  imajtinary 
line  -iml  deal*  with  the  various  steps  in  its  c0n.1t ruction,  from  the 
preliminary  suney  10  its  operation.  Pata  used  are  drawn  from 
ex|Kriencc.  and  the  figures  gitt-n  can  tic  used  in  eilinialing  cott  of 
any  niiitilar  line. 

Paper  it  illiKtraied  by  cms  and  table*.     Appendix  A. 

HniKiKiNsoK.  Fa.vxds  Praitical  Xolet  en  Sli-am  Tirbitief.  The  author 
detcrilio  the  construction  and  action  of  the  principal  types  of 
tiifbinei.  Tile  biuh  *pced  of  the  turbine  ha*  iieccitaivd  a  modifi- 
cation in  generator  cicsign.  re:iu1tinfE  in  a  type  called  turbo- generator. 
.'Mietnaiiiif  machine'  ate  be«  suited  for  this  »y«em,  Etpccial 
adapliibihiy  of  the  induct  or -generator.  The  economy  of  the  lur- 
hne  and  advantace  uf  hi|[h  vacmiin  at  fractional  load.  Suita- 
bility of  the  variotw  ly^ct  of  condensers.  Saving  in  foundation 
fxpen-e  due  to  freedom  from  vibratiort,  Kxamples  of  «everal 
in>in1lation*  arc  given.  [Iluslrated  by  curve*,  photographs  ami 
itiaKram?. 

Diuuucii  in  conjanction  with   gas  engines,  tinder  xeneral  dit- 
cu'sion  on  pp   .wj  to  ni.     388  to  JM, 


Holmes,  Welles  E,  The  Luminous  or  Flaming  Arc:  Paper  describes 
a  system  of  street  lighting  by  the  use  of  a  new  open-arc  lamp  as 
installed  for  the  Newton  and  Watertown  Gas  Light  Company.  The 
principal  ch a racl eristic  of  the  lamp  is  the  employment  of  a  lower 
or  negative  carbon,  made  of  magnetite  or  a  mixture  .of  magnetite 
and  other  substances  compressed  in  an  iron  tube,  and  an  upper 
carbon  of  copper.  This  combination  gives  the  so-called  luminous 
or  flaming  arc.  Average  life  of  the  electrode  is  ijo  houra  Lamp 
requires  four  amperes  and  8o  volts.  Current  is  supplied  by  special 
direct -cur  rent  generator  of  the  Brush  multi-circuit  type,  and  wound 
for  four  amperes.  Luminometer  tests  show  a  superiority  over  the 
340-watt,  6,&-ampere  open  arc ;  460-watt.  6.6  series,  direct  inclosed 
arc.  and  ,160-watt,  ?.s-anipere,  alternating  inclosed. 

Discussion    by   Manwaring.    Holmes,   Turner,    Dusman,    Rhodes, 
Hartman,   Davis.   Gillette,   Gilchrist,    Hallberg.    Hillman.      79   to   88. 

Howes.  Robert.  A  One-Hundred-Mile  Transmission  Line:  Description 
of  a  high-tension  system  at  Spokane,  Wash.  Plant  consists  of 
two  4000-volt,  22SO-kw..  60-cycle,  revolving -field  alternators,  each 
driven  by  a  pair  of  turtines.  Static  transformers  step-up  the  cur- 
rent to  a  choice  of  60.000  or  45,000  volts  line  pressure,  A  large 
part  of  the  line  is  over  private  right  of  way.  The  wires  are  No.  2 
B.  &  S.  hard-drawn  copper,  placed  on  double -petticoat  insulators, 
mriunled  on  metal  pins.  Author  describes  the  various  difficulties 
encountered  before  the  plant  was  completely  installed.  Experience 
with  a  300-hp  induction  motor  at  end  of  the  line. 

Discussion  by  Howes,   Kelsch.  Gossler,   Bell.  Abbott,     90  to   lOJ. 

Humphrey,  C.  W.  Report  ■  on  Lost  and  Unaccounted-for  Current: 
Report  explains  in  full  the  calculations  of  losses,  known  and 
unknown,  for  aitcruaiing  and  direct-current  circuits,  as  obtained 
by  the  Denver  Gas  and  Electric  Company.  Data  given  are  com- 
piled Erom  results  obtained  on  the  transmission  lines  of  this  com- 
pany. The  losses  were  classified  as  transformer  iron  loss,  primary 
resistance  loss,  secondary  resistance  loss  and  meter  shunt  loss. 
Systematic  testing,  tabulation  and  recording  of  results  have 
resulted  in  determination  of  excessive  losses  and  decrease  of 
same  by  nearly  50  per  cent.  Losses  were  found  to  be  due  to 
leakage  through  grounds,  faulty  me«er  registration,  errors  and 
iheft.     Paper  is  illustrated  by  curves  and  tables. 

Discussion  by  Burnett,  Proutt.  Humphrey,  Matlack.     160  to  178 

LAyM.\s,  W.  A.  Single-Phase  Potver  Motors  for  Electric-Lighting  Sta- 
tions: Logical  discussion  of  advantages  of  in-^tallalion  of  single-phase 
motor  over  that  of  polyphase  motor  on  service  either  from  single  or 
polyphase  feeders  of  large  or  small  stations.  Comparative  cost 
considered.  Advantages  of  Wagner  motor  cited.  Actual  installa- 
tions given,  showing  good  return*  from  motor-power  investment. 
Curves  and  present  moior-power  charges  given. 
Discussion  by  Mr,  Hallberg.     519  to  53^. 

McC.MiE,  E.  F„  IX  F,  M.Gke.  C.  k,  Mav.s-sem..  Report  of  C"in,„itl,;- 
on  District  Healing:  Report  explains  methods  used  in  obtaining 
necessary  data,  and  gives  such  suggestions  to  central-station 
manager-,  as  will  enablv  tlivm  in  the  future  to  give  data  in  niori- 
definiie  form.  Complete  list  of  questions  and  answers,  al?o  sum- 
mary of  same  by  the  committee.  Hot-water  and  steam-heating 
plants  are  compared, 

Discu.'ision  by  I'arkcr.  Richard',  McCabe,  Doty.  Kimhall.  \Vi!liaUl^, 
4.flS  t.i  407, 


XIII 

Martin,  T.  Commebfoed.  Report  on  Progress:  Paper  deals  with  prog- 
ress made  in  the  art  and  industry,  indicating  the  growth  and  giving 
figures  compiled  by  the  United  States  Census  Office.  Comparisons 
'  between  (he  United  States  and  England,  Germany  and  Spain  are 
presenied.  The  recent  advances,  improvements  and  inventions  made 
in  elcciric  lighting  technically  are  treated  under  separate  headings. 
The  paper  is  divided,  into  the  following  headings:  Figures  of 
the  industry^  conditions  abroad ;  other  foreign  comparisons ;  ratio 
of  foreign  costs  and  consumption;  the  Nernst  lamp;  the  osmium 
lamp ;  some  newer  lamps ;  the  incandescent  lamp  industry ;  com- 
parisons with  gas ;  mercury-vapor  lamp ;  special  reflector  incandes- 
cent lamp ;   electric  healing ;  Ihree-phase  centra!   stations. 

Discussions  by  Weeks,  McCabe,   Martin,    Scovjl,  Williams,     13 
10  5+ 

Perhine.  Fhedewc  a,  C.  Typet  of  Large  Water-Power  Installations: 
Paper  shows  the  development  of  water  power  in  cotinection  with 
eleclric  power,  and  a  short  history  of  the  latter ;  also  the  present  state 
of  such  development.  Existing  plants  described.  Illustrated. 
558  to  56?, 

Rhodes,  Samuel  G,  The  Organisation  and  Equipment  of  an  Arc-Lamp 
Department:  Description  of  the  arc-lamp  department  of  the  New 
York  Edison  company,  giving  experiences  and  data  connected  with 
this  installation.  Dcpartnient  is  in  charge  of  an  arc-iight  engineer. 
Paper  describes  operation  of  the  department  from  the  time  a  con- 
tract is  signed  with  a  customer.  The  trimmer's  duties,  his  record 
and  report.  Complaints  and  repairs  and  records  kept  of  same. 
Employment  of  boys  for  turning  on  and  off  direct -cur  rent  multiple 
lamps.     Illustrated, 

Discussion  by  Gilchrist,   Rhodes,  Burnett,     119  to   rjg, 

Sargent,  Fred,  Report  on  Investigation  of  Steam  Turbines  in  Europe. 
279  to  286. 

Skinner,  C.  E.  Oil  for  Insulating  Purposes:  An  exhaustive  treatise 
upon  qualiticalians  for  transformer  oils,  and  oil  for  switches.  The 
necessary  qualifications  of  mineral  oils  and  the  methods,  precautions 
and  apparatus  used  in  tesling  them,  are  given  in  detail.  The  author 
also  describes  the  apparatus  used  by  him  in  testing  the  insulating 
properties  of  oil.  A  form  of  specification  for  insulating  oil  is 
given  and  the  effects  of  moisture  and  impurities  in  the  oil  are 
dwelt  upon.  Paper  ends  with  suggestions  for  insuring  user  against 
deterioration  of  insulating  ([Ualilies  of  oil.     Illustrated. 

Di.'cussion     by     Kimball,     Hunt,     Skinner.     Stevens,     Eastman. 
S40  to  556, 

Vredenburgh,  LaRue.  Report  on  Advertising  Methods:  Report  deals 
with  the  different  methods  of  advertising,  most  examples  being 
taken  from  the  experience  of  (he  Boston  Edison  company.  Among 
methods,  giving  best  results  are  holding  a  permanent  exhibit  of 
electrical  appliances;  advertising  in  newspapers,  cars  (by  means  of 
electric  signs),  and  a  thorough  system  of  circular  letter,  follow-up 
letter,  booklets,  etc. 

Di.scussion   by  Scherck,   Marsh,   Gillespie,   Burnett,   Vredenburgh, 
McCabe,  Edgar,  Williams,  Kimball.    362  to  395. 

Wakefielii.  C.  L.  Electric  Light  and  Po^i'er  Plants  in  Conncttiou  u'ilh 
It-c  Plants:     A   short   treatise  on   the   advantage   of   working   above 
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Aecounling.  report  on  o66ce  methods  and,  498  to  511. 

Adding  machine,  506. 

Address  of  President  Edgar,  4  to  15. 

Advertising  methods,  report  on,  362  to  395. 

Alternating  current,   advisability  and   methods  of  grounding  the   neutral 
on  high -potential  alternating-current  generators,  105  to  118. 
comparative   cost   of   installation   of   single   and   polyphase   alternating- 
current  motors,  531  to  523. 
cost  of  alternating  current  for  power,  530,  531. 
purchase  of  alternating- cur  rent  by  factories.  400  to  434. 
single-phase  motors  for  electric- lighting  stations,   srg  to  533. 
transformer   losses  in,   160  to   169. 

Amendments  to  constitution,  571,  574. 

.■\rch,  fire-brick,   for  boiler  furnaces,  345,  346. 

Arc  lamp,  a  2SO-voi(,  twin-carbon,  inclosed  type,  operated  in  multiple, 
61,  74.  276. 
organization  and  equipment  of  an  arc-lamp  department,  iig  to  139. 
repairs,  126  to  131. 
trimming.  121  to  125.  131  to  134. 

.■\rc.  luminous  or  flaming.  79  to  88. 

Association,  growth   of,   396. 

Automatic  control  of  constant-current  transformers.   Appendix  C. 
series   cut-out.   .\ppendix   C. 
stokers  T-^rsiis  hand-stoking.  342  to  351. 

B 

Blondel   are  lamp,   30, 

Boilers,  care  of.  342  to  351. 
relation  of  mechanical  stoker  to  boiler  plant,  342  to  351. 

Bremer  arc  lamp,  30.  ' 

By-laws,   change   in.   397. 
proposed  change   in,  6.  7.  I 
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Cables.   Appendix  A. 

Calibration   of   instruments   in   tesis  of  a  large  steam   engine  and  gener- 
ator,   332,    223. 

Candle-power  of  incandescent  lamps,  report  of  commiltee  on,   10,1.   104. 

Carbons   with   mineral   admixture,   30, 

Card  record.  504  to  506. 

Census  Office,   report  of,  on  central   stations,   16. 

Central-station   directory,   397. 

Central   stations  in   United   States— total  co&t  of  construction  and  equip- 
ment— total  expenses  of,   16,  17. 

Circular   letters   for  advertising.   379. 

Committee  on  analysis  of  flue  gases,   report  of,   534. 

on  district   heating,   report  of,  436,  437. 

on  finance,   report  of,  S70,   571- 

on  investigation  of  photometric  values  of  arc  lamps,  report  of,  53a.  533. 

on   investigation  of   steam   turbines,   report  of.   235.   287. 

on   legislative   policy,    discharge   of,   89. 

on   nominations,  appointment  of,  395, 

on   nominations,   report  of,   574, 

on  president's   address,   report   of,   396   lo   3gq. 

on  progress,  report  of,   16  to  54. 

on  purchased  electric  power  in   factories,   report  of,  400  to  434. 

on  relations  between  mamifaclurcrs  and  central -station  companies, 
report  of.  577. 

on  relations  with  kindred  organizations,  report  of,  568. 

on  standard  candle-power  of  incandescennt  lamps,  report  and  dis- 
charge of,  103,  104. 

on  standard  rules  for  electrical  construction  and  operation,  report 
of.  575  to  577- 

on  thawing  water  pipes  by  electricity,  recommendation  for,  398. 

on  uniform  accounting,  discharge  of.  8g. 

Complaints,   treatment  of  consumers',   5(K)  to  502. 

Concrete   for  conduit  construction.  Appendix  A. 

Condenser  for  turbines,  313  to  318. 

Conduit,  see  Underground  Construction.  Appendix  A. 

Control,    remote,   of   electrical    apparatus.    Appendix    C. 

Cooking,  electric,  comparison  with  gas  :  cost  of ;  utensils  for,   140  to  154. 

Cooper  Heiviit  lamp,  36  to  39.  43,  54. 

Copper  losses  in  transformers,  162  to  168. 

Current,   lost   and   unaccounted-for,    r6o  lo   178. 
rates   of  current   for   lighting  and   power.   23,   24. 

Curtis  turbine,  235  to  287. 

Cut-out,   series,   automatic   control   of.    Appendix   C. 

D 

Decorative  and   sign   lighting.   Appendix    B. 
De  Laval  turbine.  235  lo  287. 
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Depreciation  charges  in  heating  plants.  476  to  478. 
Directory,  central- station,  397. 
Doherty  gold  medal  award,  .^2. 
Draft,   intensified,   346  to  347, 

E 

Econonnziiig  coih.  u.se  of.  in  heating,  467  to  469.  - 

Economy   in   minor   station   supplies,    180   lo    188. 

Economy   test   of   a   5S0O-hp,   three -cylinder,   compound   engine -generator, 
218  to  2;n. 

Efficiency  of  electric  heaters,  143  to  145. 
of  gas  engines,  206  to  209. 

Electrical  apparatus,   remote   control  of.   Appendix   C. 

Electricity,  use  of,  for  thawing  water  pipes,   11. 

Electric  light  and  power  plants  in  connection  with  ice  plants,  355  to  361. 
in  comparison  with  gas,  32  to  36. 

Electric    light,    watts    per    inhahilant    in    Spain,    Germany,    England    and 

United  Stales,  20. 

Electric  motor,  advantages  attending  use  of,  407,  408,  427  to  429. 

Electric  power  from  water  power.  558  lo  567. 
moit  common  uses  of,  400  to  434. 
purchased,  in  factories,  400  to  434. 

Electrodes,   magnetite,   29. 

Electrolysis.  Appendix  A. 

Engine.-  inlernal-comhustion.  190  to  217. 

England,  electrical  industry  in,   18. 

Erosion  of  steam-turbine  blades,  289,  290. 

Executive  committee,  recommendation   for  slated  meetings  of,  398. 

Executive  session,  568. 

F 

Finance  committee,  report  and  discharge  of,  570,  571. 

Flaming  arc,  79  lo  88. 

Furnace,  relation  of  mechanical  stoker  to.  342  to  351. 

G 

Gas  consumption  per  kilowatt  in  gas  engines,  536.  537. 

Gas  engine,   compared  with   steam,   190  to  217. 
examples  of  existing  gas-engine  plants,  209  to  217. 
general 'discussion  on.   in  conjunction  with  steam  turbine,  325  to  34^. 
table   of   well-known   types,    193. 

Gas  lighting,  comparison  with  electric,  32  to  36. 

Gas.   producer,   in   papers   and    discussion   on   gas   engines   and   turbines, 
190  to  217- 
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Generators,  advisability  and  method  of  grounding  neutral  of  high- 
potential,  alternating-current,   lOS  to  il8. 

economy  tests  of  a  three-phase,  25-cycle,  General  Electric  generator  of 
3500  lew  and  5S0O-hp  Westinghouse  engine,  218  to  234. 

for  turbines,  264. 

induction  generators,  304. 

turbine  generators,  303. 

Germany,  electrical  industry  in,  19. 
Governors,  turbine,  243  to  286. 
Greenfield  tube,  188. 
Grounded  neutral  connection.  68,  76  to  78. 


H 

Heating,   district    (steam   and   hot-water),   cost   of,   496. 
methods  and  rates  of  charging,  450  to  45S- 

percentage  gross   income  charged  to  operating  expense.   446  to  448. 
report  of  committee  on,  436  to  497- 
use  of  regulators  for,  455,  456. 

Heating,  electric,  42  to  46,  140  to  154. 
comparison  of,  wjth  gas,  143  to  145,  536. 
cost  of,  143  to  145'  ' 

field  it  offers  central  stations,  140  to  154. 

"Hidden"  or  "below  street  level"  lighting,  21,  22. 

Hoi  I  re  it  h  tabulating  machine,  509. 

I 

Ice,  kilowatt- hours  per  ton  of,  357. 

Ice  plants  in  connection  with  electric- light  and  power  plants.  355  to  361. 

Incandescent -lamp  industry,  31,  32. 

Incandescent  lamps,  committee  on  standard  candle-power  of.  103.  104. 

Income,  gross,  of  central  stations  in  United  States,  16. 

Induction  generator,  304. 

motor,  effect  of,  on  long-distance  transmission  lines,  97  to  99. 

Inner  globes,  cleaning  of,  131. 

Instruments,   inadequacy  of  present   electrical.   513,   514- 
proposed    system    of    standard    instruments    for    operating    companies. 
512  to  518. 

Insulation,  oil  for,  540  to  556, 

Internal -combust  ion    engine,    as   applied    to    central -station    service,    109 

to  ii?. 
International  Electrical  Congress,  representation  of  association  at,   568. 
Iron  losses  in   transformers,   determination   of,    160  to   162. 

J 
Just  incandescent  lamp.   31. 
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Kelvin  balance,  di  sad  van  (ages  aitending  its  use  as  a  standardizing  instru- 
ment for  power-houses,  514, 


L 

Labor-saving  devices  for  office,  506  to  509. 

Latnps,  arc,  new  form  of,  28  to  30. 
census  report  on,   17. 
Cooper  Hewitt  lamp,  53,  54. 
incandescent,  with  special  reflectors,  39  to  42. 
inclosed,  twin-carbon,  Z50-volt  lamp.  61,  74  to  76. 
Just  tncandesceiTt  lamp.  31. 
magnetite  lamp,  38  to  30. 
niercury- vapor  lamp,  36  lo  39. 
Nernst  lamp.  52,  53. 
osmium  lamp,  36  to  28. 

Lighting,  decorative  and  sign,  Appendix  B. 

electric,    single-phase   power    mutors    for   electric- lighting   stations.    51Q 

to  532- 
"hidden,"  21. 
Moore  vacuum-tube,  39. 
organization  and  equipment  of  an  arc-lighting  department,  119  to  139. 

Long-distance  transmission  line.  90  to  103. 

Losses,  meter  shunt,  168,  169, 
primary  resistance,  162  to  (65. 
secondary  resistance,  165  lo  168, 
transformer  iron,  160  to  162. 

Luminometer,  testing  lamps  by.  82. 

Luminous  arc.  79  to  88. 


M 

Magnetite  lamp,  28  to  30. 

Manholes,  Appendix  A. 

Mechanical  stoker  and  the  human  operator,  342  to  351. 

Membership,  amendment  to  by-laws  providing  for  new  membership.  571 

10  574. 
Mercury-vapor  lamp,  36  to  39. 

Meter  reading,  502  to  504- 
meter  shunt  toss  on  soo-voit  system.  72  to  74. 
meter  shunt  losses,  i^  169. 

Moore  vacuum-tube  lighting,  39. 

Motors,   comparative  cost   of   installation  of  polyphase   and   single-phase, 
521  to  523- 
eiectric,  use  of,  in  factories,  400  to  434. 
induction,  effect  on  long-distance  transmission  line,  97  to  99. 
single-phase  power  motors  for  electric  lighting  station,  519  to  S32- 

Municipal  lighling,  cost  of.  in  London  and  Paris,  21,  22. 
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Nernst  lamp,  life  of,  25. 
progress  made  in,  24. 

Neutral,    advisability   and   methods   ai   groutidtng   the    neutral    on    high- 
polential,  alternating- cur  rent  generators,  105  to  I18, 
connection,  grounded  on  three-wire  system,  68.  76  to  78. 

Nominations,  committee  on,  395. 
report  of  committee  on,  574. 

O 

Office  labor-saving  devices,  506  to  50Q, 
office  methods  and  accounting,  4<^  to  Sll. 

Officers,  newly  elected,  574. 

Oil.  for  insulating  purposes,  540  to  556. 
specifications  for  insulating.  553. 
storage  and  transportation  of,  554. 
switches,  oil  for,  540  to  556. 
tests  on,  for  qualifying  for  transformer  and  oil-switch  use.  540  to  556. 

Osmium   lamp,  26  to  28. 

Overhead  to  underground  line  transmission,  change  from.  Appendix  A. 

P 

Parsons  turbine,  235  to  287,  295  to  393. 

Plants,  ice,  in  connection  with  electric  light  and  power,  355  to  361. 
water-power,  558  to  567. 

Polyphase  and  single-phase  motors,  comparative  cost  of  installation,  521 
to  523- 

Power,  consumption  of,  in  electric  motors  tor  factories,  400  to  434, 
power  rates,  Cincinnati  Gas  and  Electric  Company,  531. 
power  rates,  Peoria  Gas  and  Electric  Conipany,  530. 
report  of  committee  on  purchased  electric  power  in  factories,  400  to  434. 
water-power,  558  to  567. 

President,  address  of,  4  to   13. 

Primary  resistance  losses,  calculation  of,  162  to  165, 

Printing  oltice,  Washington,  electric  heating  apparatus  in,  43.  44. 

Progress,  report  of  committee  on,  16  to  54. 

Proposed   system   of   standard   instruments   for   operating  companies.   512 
to  518. 

Q 

Qvfslion  Box  (see  Volume  II),  discussion  on.  535  to  S3f!. 
relation  of,  with  Wrinkte  department,  397. 

R 

Rateau  turbine,  279  to  286,  294. 
Receipting  machine,  506. 
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Refrigeration,   electric- light   and   power   plants    in    conneclion    with    ice 

plants.  3SS  to  36i- 
Regulators,  use  of,  on  steam  and  hot-water  heating  systems.  455,  456. 

Report  of  finance  committee.  570,  571. 
of  secretary  and  treasurer,  568  to  570. 
on  advertising  methods,  .162  to  .igs. 
on  analysis  of  Hue  gases.  534. 
on  decorative  and  sign  lighting,  Appendix   B, 
on  district  heating,  436  to  497. 
on  Doherty  gold  medal  competition.  322  to  324. 
on  investigation  of  photometric  values  of  arc  lamps,  532.  533. 
on  investigation  of  steam  turbine,  235  to  287. 
on  nominations.   574, 

on  office  methods  and  accounting,  498  to  512. 
on  president's  address,   396  to  399. 
on  progress.   16  to  54. 

on  purchased  electric  power  in   factories,  400  to  434. 
on  relations  between  manufacturers  and  central -station  companies.  577, 
on  relations  with  kindred  organizations,  568. 
on  standard  candle-power  of  incandescent  lamps.   103,  104. 
on  standard  rules  for  electrical  construction  and  operation,  575.  576. 

Riedler- Stump f  turbine,  279  to  2S6. 


Secondary  resistance  los.ses.  calculations  of.  165  to  168. 

Secretary's  report.  568,  570. 

Self-adding  sheets,  507. 

Sign  lighting.  Appendix  B. 

Signs  for  advertising  purposes.  372  to  375,  383. 

Single-phase    motor    on    lighting    circiiils,     requirements     attending    use 
of,  525. 
power  motor  for  electric-lighting  station,  519  to  5.12. 

Slide  rule,  use  of,  in  office,  507. 

Spain,  report  on  eieclrical  industry  in.  20.  21. 

Specifications  for  insulating  oil,  553. 

Standard    instruments,    proposed    system    of.    for    operating    companies, 
512  to  518. 

Station   supplies,   minor,   economy  in.   180  to   1S8. 

Stokers,  mechanical  and  manual,  342  to  351. 

Storage  battery,   system  of  insulation  of.  61,  62.  ,' 

use  of,  in  Germany  as  compared  with  United  States.  20. 

Steam  engine,  compound,  economy  test  of,  218  to  234. 

Steam  generation,  analysis,  509,  510.  ' : 

Steam  heating,  436  to  497. 

Sleam,  superheated,  for  turbines.  263  to  286. 

Steam  turbine,  practical  notes  on  (Hodgkinson).  288  to  322. 
report  of  committee  for  investigation  of,  235  to  287.  ) 
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Street  railways,  census  report  on,  17.  ' 

Superheated  steam   for  turbines,  263  to  286. 

Supplies,  economy  in  tninor  station,  180  lo  188. 

Tabulating  machine,  Hollreith,  sog. 

Test,  economy  test  of  SSoo-hp,  three-cylinder,  compound  engine-generator, 
218  to  234. 
on  oil  for  insulation,  and  necessary  apparatus,  540  to  545. 

T 

Thawing  water  pipes  by  electricity,  recommendation  for  conimitlee  on,  398. 

Thatcher  calculator,  507. 

Theft  of  current,   175. 

Three-wire,  soo-volt  lighting  system.  55  to  78. 

Transformer,  iron  losses,  160. 
oil  core.  540  lo  556. 
remote  automatic  control  of.  Appendix  C 

Transmission,  long-distance,  90  to  103. 

Treasurer,  report  of,  568  to  570. 

Trimming  arc  lamps,  121  to  125,  iji  to  134. 

Turbine,  steam  compound  systems,  291. 
Curti.s.   Parsons,  De  Laval,  235  to  286. 

general  discu.ssion  on.  in  conjunclion  with  gas  engine.  .12;  to  .142. 
generators,  ,303. 

governors  for.  243.  244,  252,  253,  259,  266. 
in  Europe,  report  on,  279  lo  286. 
operation  of.  in  conjunclion  with  gas  engine,  .),14- 
praclical  notes  on.  268. 
publications  on,  286,  287. 
Rateau.   Riedler-Slumpf,   Zoelly,   279  to  286. 

Twin-carbon  inclosed-arc  lamps,  61,  74  to  76, 

u 

Underground    construction.    Appendix    A.  ' 

Union   Engineering  Building  2,  J. 


Vacuum-tube  lighting.  39. 

w 

Water  pipes,  thawing  of,  by  electricity,  11. 

Water-power  installation,  types  of,  55R  to  S^/- 

Welsbach  lamp  cost  of  operation  compared  with  are,  33. 

IVrinktcs  (see  Volume  II). 
discussion  on,  534,  5,15. 

z 

Zoelly  turbine.  279  lo  286.   29T   in  294. 


CONVENTIONS  OF  THE  ASSOCIATION 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Ninth 

Tenth 

Eleventh 

Twelfth 

Thirteenth 

Fourteenth 

Fifteenth 

Sixteenth 

Seventeenth 

Eighteenth 

Nineteenth 

Twentieth 

Twenty-first 

Twenty-second 

Twenty-third 

Twenty-fourth 

Twenty-fifth 

Twenty-sixth 

Twenty-seventh 


Chicago,  February  25,   26,    1885 
New  York,  August  18,   19,  20,   1885 
Baltimore,  February   10,    11,    12,    1886 
Detroit,  August  31,  September  1,  2,  1886 
Philadelphia,  F'ebruary  (5,  16,  17,  1887 
Boston,  August  9,   10,   ii,   1887 
Pittsburg,  February  21,  22,  23,    1888 
New  York,  August  29,  30,  31,   1888 
Chicago,  February  19,  20,  21,   1889 
Niagara  Falls,  August  6,   7,  8,    1889 
Kansas  City,  February  11,   12,   13,   14, 

1890 
Cape  May,  August  19,  20,  21,   1890 
Providence,  February  17,    18,    19,   1891 
Montreal,  September  7,  8,  9,  10,  1891 
Buffalo,  February  23,  24,  25,   1892 
St.  Louis,  February  28,  March  i,  2,  1893 
Washington,  February  27,  28,  March  1, 

2,   1894 
Cleveland,  February  19,  20,  21,   1895 
New  York,  May  5,  6,  7,   1896 
Niagara  Falls,  June  8,  9,   10,   1897 
Chicago,  June  7,  8,  9,   1898 
New  York,  May  23,  24,  25,  1899 
Chicago,  May  22,  23,  24,   1900 
Niagara  Falls,   May  21,  22,  23,    1901 
Cincinnati,  May  20,   21,   22,    1902 
Chicago,  May  26,  27,  28,   1903 
Boston,   May  24,  25,  26,    1904 


PRESIDENTS  OF  THE  ASSOCIATION 


James  F.  Morrison,  of  Baltimore 
Samuel  A.   Duncan,  of  Pittsburg 
Edwin  R.  Weeks,  of  Kansas  City 
Marsden  J.   Perry,  of  Providence 
Charles  R.  Huntley,  of  Buffalo 
James  1.  Ayer,  of  St.  Louis 

Edward  A.  Aknistrong,  of  Camden 
M.  JuDsoN  Francisco,  of  Rutland 
C.   H.  WiLMERDiNG,  of  Chicago 
Frederic  Nicholls,  of  Toronto 
Samuel  Insull,  of  Chicago 

Alden  M.   Young,  of  Waterbury 
Samuel  T.  Carnes,  of  Memphis 
James  Blake  Cahoon,  of  New  York 
Henry  L.  Dohertv,  of  Denver 
LouLS  A.  Ferguson,  of  Chicago 
Charles  L.  Edgar,  of  Boston 


HONORARY  MEMBERS 


R.   E.  Cromplon.  London,  England 

Marcel  Dcprei,  Parts.  France 

George  D.  Forbes,  London,  England 

Prof.   I,  Fujioka,  Tokyo,  Japan 

Edouard  Hospitaller,   Paris.  France 

Dr.  E.   L.  Nichols,  Cornell  University,  Ithaca,  New  York 

Baron  Alphonse  de  Rothschild.  Paris,  France 

John  T.  Sprague,  Birmingham,  England 

Joseph  W.  Swan,  Lauriston,  Bromley.  Kent,   England 

Prof.  Sylvanus  B.  Thompson,  Technical  College.  Finsbury,  London,  England 

Prof.  Yashima,  Tokyo,  Japan 

Lord  Kelvin.  Glasgon.  Scotland 

Charles  F.  Brush,  Cleveland,  Ohio 

Thomas  A.  Edison,  Orange,  New  Jersey 

Prot.   Elihu  Thomson.  Lynn,   Mas5acbusetls 

Frank  J.  Sprague,  New  York  Ciiy 

George  S,   Botven.  Elgin,   Illinois 

Prof.   Edward  Weston,   Newark.  New  Jersey 

Frank  R.   Redpalh,  Montreal,  Canada 

Prof.  Henry  T.  Bovey,  McGIll  University,  Montreal,  Canada 

Thomas  D.  Lockwood,   Boston,  Massachusetts 

Nikola  Tesla.  New  York  City 

James  I.  Ayer.   Boston,  Massachusetts 

Cyrus  O.  Baker,  Jr.,  New  York  City 

Frederic  Nicholls,  Toronto,  Canada 


ACTIVE  MEMBERS 


ALABAMA 

Ann[stos,  Anniston  Electric  and  Gas  Company 

Birmingham.  Birititngliain  Railway.  LiKhi  and  Pow«r  Company 

D  KM  ore)  1. 1;.  Demopolis  Electric  Light  and  Power  Company 

MoBJi.E,  Mobile  Light  and  Railroad  Company 

M'lNTC.oMKRV.  Montgomery  LiRhi  and  Water  Power  Company 

ARIZONA 

Ph<emx.  Phoenix  Light  and  Fuel  Company 

Prksc(iti\  The  Prescou  Electric  Company 


EL'RK.KA    SPRlNriS. 

Fort  Smith, 
Hot  SrRi.s<;s. 
LlTiT.r.  Rock, 
Pink  Bh^fk, 


Los  Am;j:i.ks. 


Makvsvli.i.k, 

Mt'NTKkEV, 

Ontariii. 
Sachamksth. 
San  Fbanci^iCii, 
San  LfiAMiRfi, 
Stockton. 


ARKANSAS 

Citizens'  Electric  Company 

Fort  Smith  Light  and  Traction  Company 

Hot  Springs  Water  Company 

Little  Roch  Railway  and  Electric  Company 

Pine  Bluff  Li((ht  and  Water  Company 

CALIFORNIA 

Edison  Electric  Company 

Pacific  Light  and  Power  Company 

The  Los  Angeles  Electric  Company 

Marysville  Gas  and  Electric  Company 

Monterey  County  Gas  and  Electric  Company 

Ontario  Power  Company 

Sacramento  Electric,  Gas  and  Railway  Company 

San  Francisro  Gas  and  Electric  Company 

Suburban  Electric  Light  Company 

Stockton  Gas  and  Electric  Company 


Asi'F.s, 

BOI'l.DEK, 

CaSun  Cuv. 
Colorado  Si-RiM;s, 
Df.svkr, 


Dl.'BAMiO, 

Fort  Collins, 

GtORIiETOMN, 

GOI.IIF.K, 


COLORADO 

The  Roaring  Fork  Electric  Light  and  Power  Company 

The  Boulder  Electric  Light  and  Power  Company 

The  Colorado  Electric  Power  Company 

The  Colorado  Springs  Electric  Company 

Denver  Gas  and  Electric  Company 

Mountain  Electric  Company 

United  States  Light  and  Traction  Company 

The  Durango  Light  and  Power  Company 

The  Latimer  Light  and  Power  Company 

The  United  Light  and  Power  Company 

The  Golden  Illuminating  Company 
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tl>A>IO  Sl'RIN^lS, 


Lamak, 
Las  Animas. 
Leadvillv:, 

Manitoc. 

OUBAV. 

PCEBLn. 

Tkli.irihk, 


COLORADO— CoiiHh  -td 

The  Cascade  Eleclric  Company 

The    Consolidated    Gem     Mines   Company,   Eleclrlcul 

Department 
The  Lamar  Electric  Company 
Las  Animas  Electric  Company 
Leadville  Gas  and  Electric  Company 
The  Maniiou  Eleclric  Company 
The  Ouray  Eleclric  Light  and  Power  Company 
Puebto  and  Suburban  Trdciion  and  Lightinf;  Company 
The  Teiluride  Eleclric  Light  and  Power  Company 
The  Tetluride  Power  Company 


KsANt'llKIl, 
BRIDCKJ'OKI, 

Danbisv, 

Damei.sus, 

Dkkby, 

Hakth>ri>. 

LiTCHKEKI.D. 

Mkbiiie\, 

MvsTti-, 

Nkw  Li>ni»)n, 

Nottwii:!!, 

rockville, 

South  Mancih-stkii, 

STAMFURIi, 
SUKMELD, 

Thompsomii.i.k, 

Unionvili.e. 

WesrWRT, 


CONNECTICUT 

Branford  Lighting  and  Waler  Company 
Connecticut  Railway  and  Lighling  Company 
Danbury  and  Bethel  Gas  and  Eieciric  Light  Company 
People's  Light  and  Power  Company 
Derby  Gas  Company 
Hartford  Eleclric  Light  Company 
The  Lilchlield  Electric  Light  and  Power  Company 
Meriden  Electric  Light  Company 
The  Mystic  Electric  and  Gas  Light  Company 
The  New  London  Gas  and  Electric  Company 
Norwich  Gas  and  Electric  Company 
The  Rockville  Gas  and  Electric  Company 
South  Manchester  Light,   Power  and   Tramway   Com- 
pany 
Stamford  Gas  and  Electric  Company 
Village  Water  Company 
Enfield  Electric  Light  and  Power  Company 
The  Union  Electric  Light  and  Power  Company 
Westport  Water  and  Electric  Light  Company 


WlLMIN()TI>N. 


DELAWARE 
The  Wilmington  City  Eleclric  Company 


Waskim;to.\, 


Kkv  West. 
Tampa, 


DISTRICT  OF  COLUMBIA 
Potomac  Electric  Power  Company 

FLORIDA 

Key  West  Eleclric  Company 
Tampa  Electric  Coitipany 


GEORGIA 

AmekiCi;9,  Americus  Illtiminaling  and  Power  Company 

Athens,  Athens  Electric  Railway  Company 
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GEORGIA— CPHtiHiuii 
Atlanta.  Georgia  Railway  and  Electric  Company 

AutitiSTA.  Augusu  Railway  and  Electric  Company 

CoLUMBL.'!!.  The  Columbus  Railroad  Company 

Savannah,  Savannah  Electric  Company 


HosoLiim, 


HAWAII 
Hawaiian  Electric  Company.  Limited 


IDAHO 

Boitif:,  Capital  Electric  Light,  Motor  and  Gas  Company 

Lewiston.  Lewiston  Water  and  Power  Company 

Moscow,  Moscow  Electric  Light  and  Power  Company 

PucATn.LO,  American  Falls  Power,  Light  and  Water  Company 


Abtnciion, 
Alton, 

Bloominoton, 

Canton. 
Centrama, 
Chester, 
Chicago, 


Clin  JON, 
DeKai.k, 
Dixon, 

El>WAKDSVILLE. 
EVANSTON. 

FutiiruRT. 

HlLLSBORO, 

Jacksonville. 

JOLIKT, 

MOI.INK. 

NllKOMIS, 

PeoRTA, 

PONTIAC, 

QUINCV, 

Rock  FORD. 

Spr[Ni;i-'if.mi. 

Strkator. 

TAVLORVILr.F. 

Waksaw, 
Watsbka, 


ILLINOIS 

Abingdon  Electric  Company  , 

Alton  Gas  and  Electric  Company 

Bloomington  and  Normal  Railway,  Electric  and  Heat- 
ing Company 
People's  Gas  and  Electric  Light  Company 
Cenlralia  Gas  and  Electric  Company 
The  Chester  Light,  Water  andlce  Company 
Chicago  Edison  Company 

Chicago  Sectional  Electric  Underground  Company 
Commonwealth  Electric  Company 
Clinton  Gas  Company 
DeKalb-Sycamore  Electric  Company 
Dixon  Power  and  Lighting  Company 
Edwardsville  Electric  Light  and  Power  Company 
North  Shore  Electric  Company 
Frecport  Railway.  Li^ht  and  Power  Company 
Hillsboro  Electric  Light  and  Power  Company 
Jacksonville  Gas  Light  and  Coke  Company 
Economy  Light  and  Power  Company 
People's  Power  Company 

Nokomis  Electric  Light  and  Power  Company 

Peoria  Gas  and  Electric  Company 

Pontiac  Light  and  Water  Company 

The  Independent  Light  and  Power  Company 

Rockford  Edison  Company 

Springfield  Electric  Light  and  Power  Company 

The  Capital  Electric  Company 

Strealor  Gas  and  Light  Company 

Taylorville  Electric  Company 

Waraaw  Electric  Lifjht  Plant 

Watseka  Electric  and  Heat  Company 
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Elkhart, 
Elwoud. 

evansville. 
Fort  Wavne, 
Goshen, 

KOKOMO, 

Madison, 
Marion, 

NRW  ALbANV, 

Richmond, 
South  Bend. 
Terrr  Hautk, 
Wabash, 


Cgiiar  Rapids. 

Davenkirt, 

Dkcorah. 
Des  Moines, 
DuGuguK, 
Iowa  City. 
Keokuk, 
Mason  Citv, 

MfSCATlSE, 
OlTUMWA, 

Red  Oak, 
Sioux  Citv, 
Waterloo, 


Clay  Center, 
Columbus, 
Junction  Citv, 

TOPEKA, 


Covington, 
Lexington, 
Louisville, 
Paducah, 


Lake  Charles, 
New  Orleans, 

SlIREVEPORT, 

c 


INDIANA 
Elkhart  Electric  Company 
Elwood  Electric  Light  Company 
Evansville  Gas  and  Electric  Light  Company 
Fort  Wayne  Electric  Light  and  Power  Company 
The  Hawks  Electric  Company 
Kokomo,  Marion  and  Western  Traction  Company 
Madison  Lighting  Company 
Marion  Light  and  Heating  Company 
United  Gas  and  Electric  Company 
Richmond  Light.  Heat  and  Power  Company 
South  Bend  Electric  Company 
Terre  Haute  Electric  Company 
The  Wabash  Electric  Light  Company 

IOWA 
Cedar  Rapids  and  Iowa  City  Railway  and  Light  Com- 
pany 
People's  Light  Company 
The  Decoiah  Blectric  Light  Company 
Des  Moines  Bdison  Light  Company 
Union  Electric  Company 
Iowa  City  Electric  Light  Company 
Keokuk  Electric  Railway  and  Power  Company 
Bricc  Gas  and  Electric  Company 
Citizens'  Railway  and  Light  Company 
Ottumwa  Traction  and  Light  Company 
Red  Oak  Electric  Company 
Sioux  City  Gas  and  Electric  Company 
Waterloo  and  Cedar  Falls  Gas  and  Electric  Company 

KANSAS 
F.  L.  Williamson  and  Company 
The  Columbus  Electric  Company 
The  Electric  Railway,  Light  and  Ice  Company 

Edison  Electric  Illuminating  Company  of  Topeka, 
Kansas 

KENTUCKY 
The  Union  Light,  Heat  and  Power  Company 
Lexington  Railway  Company 
Louisville  Lighting  Company 
The  Paducah  City  Railway  Company 

LOUISIANA 

The  Lake  Charles  Ice,  Light  and  Water  Works  Com- 
pany 

New  Orleans  and  Carroltion  Railway,  Light  and  Power 
Company 

Shreveport  Gas.  Electric  Light  and  Power  Company 
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MAIKE 

Bancor.  Public  Works  Company 

Bri'Nswjck,  The  Brunswick  Eteciric  Lighi  and  Power  Company 

Oakland.  Oakland  Eleclric  Company 

PoRTLAKii,  Consolidaied  Electru  Light  Company  uf  Maine 

Portland  Lighting  and  Power  Company 

SKcnvHKi;A\,  Skowhcgan  Electric  Light  Company 

Watf.rvili.k.  Waterville  and  Fairfield  Railway  and  Light  Company 

MARYLAND 

BvLTiMOKi':,  The  United  Electric  Light  and  Power  Company 

Bel  Am.  The  Bel  Air  Electric  Company 

Ckisfjelii,  Crisfield  Ice  Manufacturing  Company 

Frkeierick.  Frederick  Electric  Light  and  Power  Company 

Havrk  1)e  Grace.  The  Havre  de  Grace  Eleclric  Company 


Amhkrst. 

AlTLKHDnn. 

Bbveri.v, 

BlIsTON. 
BkoCKICIN. 
BmidKl.lNK. 
C  IMKRIDliK, 
ClIKLSK*, 

Clintci\. 

CoilA>Sh.l  , 

Fai.1,  Rivlr, 
FncuKi  Ri;, 
Gakiinkk, 

CMKAT  BAKHISiniiN. 

HvDK  Park. 

LmVRKN'K, 

I.H.. 

LKILKnTKR, 

L  KM  Mir  UN, 

LmVKLL, 

LVNN, 

Maidkn. 
Marlbiik". 
N'kw  Bfijikurii. 
Nnvios, 

N'llRlll   A[1AMS. 

Pm.mfr. 

PlTTi^UhLll, 
PLVMOnil, 

Rkvkrk, 
Salfm, 


MASSACHUSETTS  ^ 

Amherst  Gas  Company 

Atllelioro  Steam  and  Eleclric  Company 

Beverly  Gas  and  Eleclric  Company 

The  Edison  Electric  Illuminating  Company  of  Boston 

Edison  Eleclric  IlluminalinK  Company  ol  Brockton 

Brookline  Gas  Li){hl  Company 

Cambridge  Electric  Light  Company 

Chelsea  Gas  Light  Company 

Clinton  Gas  Li(;ht  Company 

The  Cohassel  Electric  Company 

Fall  River  Eleclric  Light  Company 

Fiichhurg  Ga^  and  Eleciiic  Light  Company 

Gardner  Electric  Light  Company 

Great  B^itringlon  Electric  Light  Company 

Hyde  Paik  Electric  Light  Company 

Lawrence  Gas  Company 

Lee  Eleclric  Company 

Raivson  Light  and  Power  Company 

LexinEton  Gas  and  Eleclric  Company 

The  Lowell  Electric  Light  Corporation 

Lynn  Gas  and  Electric  Company 

Maiden  Eleclric  Company 

Marlborough  Electric  Company 

New  HedJord  Gas  and  Edison  Light  Company 

Newton  and  Watertown  Gas  Lighl  Company 

North  Adams  Gas  Lighl  Company 

Central  Massachusetts  Electric  Company 

Pittsfield  Eleclric  Company 

Plymouth  Electric  Light  Company 

Suburban  Gas  and  Eleclric  Company 

Salem  Eleclric  Lighting  Conipany. 


^M 

^^^B                                           ^^^^^^^^^^^^^^^^^^^^^H 

^^^^^^V 

MASSACHUSETTS— rMAwM-^                       ^^^^^^^^^^^| 

Soi'tHMIDr.t. 

Andrew       Hall                                                            ^^^^^^^^M 

Sl•1(l^■^l'lRt.^. 

Unlicd  r.lectm  UrKi  Ccimpany                                   ^^^^^^^^^^| 

W¥MT8,«, 

Webster                 Cumpany                                                          ^^^^^^^^H 

WUTBtmO, 

Wc»tboro  Cs*  and  Kleciric  Companr                                    ^^^^^^^H 

WK«r  SoMKaviLir, 

Somervtlle  Ekciric  Uxhi  Company                                              ^^^^^| 

Wl\CHEM)0». 

Wlachendon  RIcclfk  Lighi  and  Povrrr  Compati)'                                 ^^^H 

WORVRN. 

Woburn  l.iithl.  Hcamnd  Powct  Companj-                                               ^^^| 

WoacuTu. 

Worcmer  Eleciric  Light  Company                                                       ^^H 

L.' 

MEXICO                                                                           ^^M 

^^^^Bi»!*TSKRT, 

Uontcrey  l.lghi  and  Povcr  Company                                                        ^^^H 

r 

MICHIGAN                                                                                  ^^M 

AllKIAK. 

The  Ciiiient'  Ughi  and  Powct  Company                                                 ^^^H 

AiPrNA. 

Alpen«  Kletitic  l.ighi  Company                                                           ^^^| 

A\\  Ahhok. 

Wiistilrnuw  l.lKhl  and  Power  Company                                                    ^^^H 

Biu  Ramiii. 

W.  E.  Donley  Electric  LiKht  and  Puwci  Company                                ^^^H 

ItllOOKI.YN, 

Brooklyn  Electric  Light  Company                                                       ^^^H 

ClIBROTr.AN. 

ClictjnyjjAn  Elecirk  l.lglit  and  Power  Company                                     ^^^H 

Coiivm:<a, 

Sbljiwa«»cc  L>i-ht  und  Power  Cnmpany                                                    ^^^H 

□pTVorr, 

Penintular  Eleriric  Light  Cumpany                                                           ^^^H 

Hot^OHTON. 

MiUKhton  County  riecinc  Light  Company                                           ^^^^| 

IdNIa. 

lunia  Electrit:  Compntiy                                                                                 ^^^H 

}AiK*OS. 

Jaekion  Light  and  Power  Company                                                           ^^^| 

KAlJlMAIon. 

Kalamaioo  Vntley  Electric  Company                                                         ^^^| 

Ma-ickivNa. 

Msncclona  Electric  Lluht  and  Power  Company                                 ^^^H 

Pl.AINVrRl.t, 

Arnold  and  Brownell  Eleciric  Company                                             ^^^H 

PuftT  Ht'llllN. 

Port  Huron  Lif[tit  and  Power  Company                                              ^^^H 

Saciinaw. 

Katilell  lllumlnailne  Company                                                                   ^^H 

St.  Joskf-ii. 

tlenton    Hurbur  and  St.    Joseph    Klctlric   Railway  and                      ^^^| 

Light  Company                                                                               ^^^| 

SavltSts.  MAIiIt 

I'ldiion  Kautt  Electric  Company                                                                   ^^H 

^H 

MIS'SESOTA                                                                       ^^M 

Ai^uisr  UtA. 

Albert  Lea  Liifhi  and  Power  Company                                                     ^^^H 

Ckooksidn, 

Croolcston  Water  Works.  Power  ami  Liitht  Company                          ^^^H 

DiiLUTtr, 

Duluih  General  Electric  Company                                                             ^^^H 

FARiBAVtr. 

1  he  Furibauli  Gas  and  Eleciric  Company                                                ^^^H 

Lirri.t.  Fau.*, 

The  Liitte  Fa1l»  Water  Power  Company  iil  Minnesota                          ^^^H 

JtlinXKAVIIt-M, 

1  he  Minneapolii  General  Electric  Company                                            ^^^| 

MoNTEvinno. 

Montevideo  Electric  Light  and  Power  Company                                    ^^^H 

PlPKirONK. 

Pipestone  Electric  Light.  Hejt  and  Power  Company                         ^^^| 

Rku  WiifK, 

Red  Wing  Gas  and  Elcclric  Company                                                        ^^H 

St.  Ci^vn. 

Light,  Heat,  Trantit  and  Public  Seri-ke  Company                             ^^^| 

St,  Paiti.. 

Edison  Electric  Lii{hl  and  Power  Company  of  St.  Paul                         ^^^| 

WtS'lNA . 

Wtnon*  Railway  and   Lljctit  Company                                                       ^^^| 

"^1 

^^^H                                                   ^^^^H 

■^^^^ 

MISSISSIPPI                                                  ^^^H 

^^m                             COLfUBU*. 

Columbus  Light  and  Powei  Cooipanjr                                     ^^^| 

^^H                           iNOIANOU. 

Indlanolm  Llgbi,  Ice  and  Coal  Company                                  ^^^| 

^^H                     Mkhiuian. 

Meridian  LlKhi  and  Railway  Co<»)iiin]r                                    ^^^H 

^^H                                ViCKSHUHO, 

V'icktbuiK  Railway  ant]  Lijihl  Comiiany                                  ^^^H 

p 

MISSUURI                                                                  ^^M 

Dk  Suto, 

C«a«um«n'  Electric  Llshl  and  Power  Company                            V 

ExcKMiofc  SniNiis 

The  RK(cl«l«r  Sprins*  Llghi.  Power.  Ileal  and  Wal«r             fl 

Company                                                                                 H 

JdM.IX. 

Soulhwesi  Misiouri  Lighl  Company                                         ^^^H 

K«NSAt  Cirv, 

The  Kantat  City  Eleciric  Liglii  Company                              ^^^| 

MoNtir, 

Miinelt  Ivlccirlc  Light,  Power  and  Ice  Company                     ^^W 

St.  Juscnt. 

St.  JuMph  Railway.  Light.  Heat  and  Powct  Company       ^^fl 

St.  Lout)!, 

The  Ln<)edc  Gas  Light  Company                                              ^^^| 

The  L«cledc  Howet  Company  o(  St.  [jiuU                             ^^^| 

Union  Electric  Light  anil  Power  Company                            ^^^^| 

^^^^^,              Si'mw.MKUi. 

Springfield  Ga%  and  Electric  Company                                ^^^| 

^^^^^H                  W«SHIKDTnN. 

Tiblie  KIccirIc  Company                                                       ^^H 

^^v 

MONTANA                                                                 V 

^^^^f                Akacaxpa. 

The  AnacWKta  Cop|ier  Mining  Company,  F.lecirtc  Llfhl                 ' 

^^^^L 

•nd  Rkilway  |}cparlmenl 

^^^^^fe 

Bigiimtier  Electric  Light  and  Power  Corapaoy 

^^^^^H 

HlllingK  Walei  Power  Company 

^^^^^B           Bum. 

Huttc  Elcvtric  and  Poiter  Company 

^^^^^m              GmtAT 

Boston  and    Great    Fall*    Electric    Light  and   Power 

^^^^H 

Company 

^^^^^B 

Helena  Llghi  and  TtaeKon  Company 

^^^^H 

Big  I''orlc  Electric  Power  and  Light  Company 

^^^^H 

Mlnoul^, Light  and  Water  Company 

^^H 

ME8KASKA 

^^^^H 

Beatrice  Electric  Company 

^^^^^1 

The  Nufthirctiern   F.lcciiic,  Heal  and  Power  Company 

^^^^^P 

Lincoln  Ga*  and  Eleciiit  Light  Company 

^^^^B 

Omaha  Electric  Light  and  Power  Company 

^^H 

NEW   HAMPSHIRE 

^^^^^m                  COMCUKD, 

Concord  Electric  Company                                                               | 

^^^^H                  DUVKK, 

United  Gai  and  Electric  Company 

^^^^H                             Palu, 

The  Franklin  Lighl  and  Pa«ei  Company 

^^^^^H 

Keene  (!«k  and  F.kciric  Company 

^^^^^H 

Manchester  Traction,  Light  and  Power  Company 

^^^^^1 

Nasbna  Light,  Heal  and  Power  Company 

^^^^^v 

Newpoii  Electric  Lighl  Company                                                    ! 

^^^^^P              Pkxacook. 

Pcnacooli  EIrclric  Light  Company                                           ^_ 

^^^^^H 

—""-"—"    n 

^^^                          A 

i 

^p 

^^F                 XXXV                 '^^^^^^^^^^^^^^^^^^^B 

^^^^^v 

^^^^^^^^^^^^^1 

^^H         Ampkv  Paik, 

Cowl  Ekciric  Compnn)-                     ^^^^^^^^^^^^^H 

^^M        Atlaktic  Cm, 

The  Atlnnik  F.lecirie  Lifhi  »nd  Power  Company                     ^^^^^^| 

^^B        DoviK, 

Duvci  l^lectTic  Liictit  Cofopanjr                                                         ^^^^^^| 

^^V        Cfi'i  ITuaL'K, 

Ailanlk  Couotjr  Electric  Company                                                         ^^^H 

^^^^^H  tCKEKMCK. 

The  Cm  and  P.lccirk  Comp«Dy  of  Btrgco  County                             ^^^| 

^^^^^■L  A  N  n»  T  T 1 1  .Lr . 

llunicrdun  Elvetrk  Company                                                                    ^^^H 

^^^^^'LiMII  BRA!«Ctl. 

Contglidaicd  Gm  Cocnpany  of  New  Jcrtcy                                             ^^^| 

^^H^        Nf.wark. 

Publk  S«rvke  Corporklion   of    New   jtnty.    Eteclrtc                    ^^H 

^^H 

Department                                                                                   ^^^H 

^^H         W  A»tri  !«<rTaK, 

Waihi^Kiin  Electric  LiKhi  Company                                                 ^^^| 

H 

KRW  MF.XtCO                                                                  ^^^ 

^^m         Sakfa  Ft. 

Sanu  Fe  Water  and  l.iichi  Company                                                ^^^| 

H 

NEW  YORK                                                                      ^^M 

^^H 

Albion  Power  Company                                                                      ^^^H 

^^H        Ai.HXAHnKiA  Bay. 

St,  Lawrence  Iniernatlonal  F.lecitic  Railroad  and  Land                    ^^^| 

^^B 

Company                                                                                        ^^^^ 

^^H         Am  iTKt  ti  A  u , 

Gdl«an  Elccirk  Light  and  Power  Company                                      ^^^| 

^^B 

Auborn  LiKhl.  Heal  and  Power  Company                                             ^^^H 

^^H               BiNl.HAMTUM. 

BinKhamiun  Liffhi,  Heal  and  Power  Company                                    ^^^H 

^^H         Bkvoki.vn, 

Kdiion  Electric  Itluminairag  Company  of  Brooklyn                        ^^^H 

^^^ 

Biiflalo  (ieneral  F.ki.'(rk  Company                                                          ^^^H 

^^H         Caiexovia. 

The  Union  Ek<iri«  Cnmpany                                                                   ^^^H 

^^H              Coul'KHlXKW.t, 

The  Clinton  Mills  Power  Company                                                         ^^^| 

^^H              DdXtlKK. 

Dundee  F.lecirk  Ll|tl>l  Plant                                                                     ^^^| 

^^H    > 

^:lmira  Water.  I.iKhC  and  Railniad  Company                                       ^^^H 

^^H              FaK    Rt'lKAWAV. 

Queen*  Borough  Gan  and  Electric  Company                                        ^^^B 

^^H          Fixi(Kiu.-uK-lli.<t»OK  Ci6i«nt'  RRllromd,  Liifhi  and  Power  Cotnpany                                    ^^^| 

^^1 

Fulton  LiKhl.  Heal  and  Power  Company                                               ^^^H 

^^H        Glkki  Falls, 

Hud*an  River  Water  Power  Company                                                    ^^^H 

^^H             Gl.OVKRSVII.t.K, 

Fulinn  County  Ga*  and  Electric  Company                                             ^^^| 

^^H        Ghrbvwick. 

Con»o1idatcd  Elec((l<:  Company                                                          ^^^^ 

^^H         HcH>»K'K  Fai.lk. 

Hoci«ic)t  Falh  Electric  Company                                                                      ^M 

^^H 

lihaca  Electric  Light  and  Power  Company                                                    H 

^^H         Janesivwn, 

JameMown  Lilchllnj;  and  Power  Company                                            ^^^H 

^^B            K  KKUV 1  U.K, 

Kccseville  Electric  Company                                                                    ^^^^M 

^^H              KlHIItTOK. 

Kingston  Gai  and  Elecltk  Company                                                     ^^^H 

^^B         Umkrtv, 

Liberty  Light  and  Power  Company                                                        ^^^H 

^^H         Lirri.B 

Herkimer  Couniy  Light  and  Power  Company                                     ^^^H 

^^H 

The  Lockpott  Gai  and  Electric  Light  Company                               ^^^| 

^^B          LoNU  Im.am>  ClTT. 

New  York  and  l^uevni  Elcetric  Light  and  Power  Com-                 ^^^| 

^^B 

pany                                                                                               ^^B 

^^B 

Wayne  County  Electrk  Company                                                     ^^^| 

^^H         Mni'Nr 

WeMcheticr  Lighilns  Company                                                               ^^^H 

^^^          Kkwburi'.h, 

Kcwburfih  LiKht.  Heal  and  Power  Company                                   ^^^| 

"^H 

^^^^p 

J 

^^^B 

NEW  VOKK—CmhKM,./ 

^M 

Kbw  York  Citv, 

N«w  York  Edbon  Cumpany 

Uttlicil  EImuU  Lijjfhl  nnd  Power  Companr 

H 

NUCAK*  Fai.l». 

RulTalo  and  NiasarA  Falls   Electric    Lighi  and  Poacr 

Coinpanjr 
Th«  NiagMa  Falls  Hydraulic  Powerand  Manufactuiing 

Companjr 
Th«  Nlocaia  Falls  Power  Company 

J 

Nonwicii. 

Norwrch  Gas  and  Elcciric  Companv 

^^1 

SVAIK. 

Rockland  I.igbi  ucid  Power  Company 

^^1 

Okeiua, 

Madlmn  County  Gas  and  Etcclric  Company                       lJ 

^^1 

OntasTA. 

Onronta  Lifhi  and  Power  Company                                      ^% 

^^1 

Ovin. 

Orld  F.kcirtc  Company                                                                   1 

^^1 

PUEKSXILt. 

PcckHkill  LlgbllnR  and  Railroad  Company                                ' 

^H 

I>|)N1  Jim  VIS, 

Port  Jarvii  Light.  Poircr.  Gat  and  Railroad  Company 

^^1 

I'unnAM. 

The  Poudam  Elcciric  Light  and  Power  Company             J 

^^1 

PoL-dllKHSPMr., 

Pou|thkcei>fk  Ughi.  Heal  and  Power  Company                ^ 

^^1 

RtrHnKt-nSpKisiiii 

Kklirirlil  SprinRi  Ekclric  I.IkIk  aniJ  Power  Company 

^^1 

KocHKirrKK, 

Rochester  Gaaand  Kleclik  Company 

^^1 

R<MLVN, 

Nb**«u  Llchl  and  Power  Company 

^^1 

^^^                   Sahasac  Lakk. 

Saranac  Lake  U|{hl.  Heal  and  Power  Company 

^^1 

^^K                           &'HK>IU-TAUV. 

Scheneciaily  Railway  Company 

^^1 

^^^^^^              S^X'TII  AM  1-TON'. 

The  .^oulhwmi>lon  Electric  Light  Company 

^^^ 

^^^^^B 

Syracuse  Lighlinit  Company 

^^^^^H 

Tonanrand*  Power  Company 

^^^^^1 

Tuxedo  Ekciric  Lighi  Company 

^^^H 

I'lic-a  Gas  and  Electric  Company 

^^^^^B 

Waieitown  Electric  Lii[hi  Company 
NORTH   CAROLINA 

^^^^H 

A*heville  Elecrric  Company 

^^^^^1           CiiAKLnrrs, 

Catawba  Power  Company 

^^^^^1 

Durham  Traction  Company 

^^^^^H 

McnderSian  Liichtinic  and  Puwer  Company 

^^^^^H 

The  Kaloigh  Electric  Company 

^^^^^1             WlKtTOK-SALKW, 

The  Fries  Uatiu(aclurlnj(  and  Power  Companv 
NORTH   DAKOTA 

^^^^H 

(itand  Forks  Ga*  and  Electric  Company 
OHIO 

^^^^^1 

The  NodlMrn  Ohio  Traciioo  and  Light  Company 

^^^^^1 

Alliance  Gas  and  Electric  Compiany 

^^^^^1 

Canton  IJgbt,  Heal  and  Power  Company 

^^^^^1             CiMrtKNATI, 

The  Cincinnati  Gas  and  Elccirlc  Company 

1 

^^^^^1 

The  Clevelaixt  Electric  lllurainaiinK  Company 

^^^^H 

The  Columbu*  Railway  and  Ltthl  Company 

^^^^V           DcfiAM-ii, 

[Vopk's  <:as  and  Ekcirk  Company 

J 

XXXV11 

OHIO— CvMtiniif J 

Ei.rRiA,  The  Citiiens'  Gas  and  Electric  Company 

Lancaster,  The  Lancaster  Electric  Li|{bt  Cumpany 

LkiI'SIc,    ,  Leipsic  Electric  Mitlh,  Heat  and  Power  Company 

Lima.  The  Lima  Electric  Railway  and  Light  Company 

Lisbon,  The  New  Lisbon  Gas  Company 

Massillon',  Masaillon  LiKhl,  Heat  und  Power  Company 

PiiRTSMOUTii.  Piifismouth  Street  Railroad  and  Light  Company 

Sai.km,  The  Salem  Electric  Light  and  Power  Company 

SfKiMinei.D,  The  Springfield  LiRht  and  Power  Company 

STKt^KKKviLLK,  The  Stcubenvllle  Traction  and  Light  Company 

Toi.Eixi.  The  Toledo  Railways  and  Light  Company 

Warrkn,  The  Warren  Electric  Light  and  Power  Company 

YotJNi.sTOWN,  Ynungslonn  Consolidated  Gas  and  Electric  Company 

Zanfsviu.k,  The  Zanesvitle  Railway,  Light  and  Power  Company 

OKLAHOMA 

GuTHRiK,  The  New  Electric  and  Gas  Light  Company 

SdAWNEC.  The  Shawnee  Light  and  Pnwer  Company 

ONTARIO 

LosuoH.  The  London  Electric  Company.  Limited 

Ottawa.  The  Ottawa  Electric  Company 

Toronto,  Toronto  and  Niagara  Power  Company 

OREGON 

AsiiLAMi,  Ashland  Electric  Power  and  Light  Company 

PfiHTl.ANU,  Portland  General  Etecliic  Company 

Sai.rm,  Citizens'  Light  and  Traction  Company 

SiiMrxKR.  The  Sumpier  Light  and   Water  Company  u(  Sumpter 

Oregon 


PENNSVLVANrA 

Altiiona,  The  Edison  Electric  Illuminating  Company  of  Altoona 

Betiilkiirm.  The  Bethlehem  Electric  Light  Company 

BRAtiFORt),  Bradford  Electric  Light  Company 

Bristol,  The  Bristol  Electric  Light  and  Power  Company 

Carho;4I)ai,e,  Lackawanna  Valley  Electric  Light  and  Power  Supply 

Company 

Cahi.isle,  The  Carlisle  Gas  and  Water  Company 

CoNNEi.Lsvii.i.E  The  Electric  Company 

Damvii.le,'  Standard  Electric  Light  Company 

DoYi.KSTOWN,  Doylestown  Electric  Company 

Easton,  Easton  Power  Company 

Franklin,  Franklin  Electric  Company 

Grkknvili.e,  People's  Electric  Light  Company 

Lk«is[ows.  Lewistown  Electric  Light  Company 


XXXVIll 


Morton, 

New  Cast  i.e. 
On.  City, 

PHII.AI'M.PIII^, 


PHii.iL'smm:. 

PHlK\rXVILl.K, 

PlTTSBCRi;. 

PlTTSTON. 

Rradinu. 

Rkmjvo. 

St:  R  ANTON. 
TOWANl)A, 

Wahrf.n. 

WAShll^l;Tn^. 
Wavnf.swiro, 
Wavsksbvri;, 
Wkst  Cuf.stek. 

\Vll.T.IAMSI1)»T. 
VOKK. 


PENNSY  LV  A  N I  A—  CeMiHurd 

Faraday  Heat,  Power  and  Light  Company 
New  Castle  Electric  Company 
Citiiens'  Light  and  Power  Company 
The  American  Railways  Company 
The  Electric  Company  of  America 
The  Philadelphia  Electric  Company 
The  Philipsburg  Electric  Light.  Gas,  Power  and  Heal- 
ing Company 
Phoenix  Gas  and  Electric  Company 
Allegheny  County  Light  Company 
Ciiiiens'  Electric  Illuminating  Company 
Metropolitan  Electric  Company   . 

The  Renovo  Edi»on  Light,  Heal  and  Power  Company 
Scranton  Illtiminaling,  Heal  and  Power  Company 
Towanda  Electric  Illuminating  Company 
Warren  Electrical  Lighi  Company 
The  Washington  Electric  Light  and  Power  Companv 
Waynesboro  Electric  Light  and  Power  Company 
Wiiynesburg  Electric  Light  and  Power  Company 
The  Edison  Electric  Illuminating  Company 
Lycoming  Electric  Company 
Edison  Electric  Light  Company 


QUEBEC 

MoNTKKAi.,  Montreal  Light,  Heat  and  Power  Ci>mpany 

Qi'KHKU,  Quebec-Jacques  Cariier  Electric  Company 

The  Quebec  Railway.  Light  and  Power  Company 
SiiKRiiRoc)KK.  The  Sherbrooke  Power,  Light  and  Heal  Company 

RHODE   ISLAND 

NKwi'riRT.  Newport  and  Fall  River  Street  Railway  and  LiKhtinK 

Cumpany 
I'awii  L'KKi,  Pawlucket  Electric  Company 

HKi>vriiKS('K,  Narraganselt  Electric  Lighting  Company 

WoosviiKKT,  Woonsocket  Electric  Machine  and  Power  Company 

SOUTH    CAROLINA 

CinRl.Ks  ION.  Charleslon    Consolidated    Railway,    Gas   and    Electric 

Com  pan  y 
C'11,1 '.mil.  Columbia   Electric   Street  Railway,  Light   and    Power 

Companv 
Daki.isi.I'is,  Darlington  Light  and  Water  Cumpany 

(;K(iRi;hTim  s,  (iL-orgetown  Electric  Company 


\.\K\: 


SOUTH   DAKOTA 

Hell  Light  and  Power  Company 
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TENNESSEE 

Rhisti)!.,  Bristol  Gas  and  Electric  Company 

Chattanoooa,  Chattanooga  Electric  Company 

Columbia,  Columbia  Water  and  Light  Company  ' 

Knoxville,  The  Knoxville  Electric  Light  and  Power  Company 

MEMrHis.  Memphis  Consolidated  Gas  and  Electric  Company 

Nashville.  Nashville  Railway  and  Liffhi  Company 

TEXAS 

HKAt*MONT,  Beaumont  Ice,  Light  and  Refrigerating  Company 

Ci.Kbi'RNK,  The  Cleburne  Gas  and  Electric  Company 

CORsicANA.  Corsicana  Gas  and  Electric  Company 

Dallas.  Dallas  Electric  Light  and  Power  Company 

Dallas  Ice  Factory,  Light  and  Poner  Company 

El  Paso.  International  Light  and  Power  Company 

Gainesvii.li^.  Merchants'  Electric  Light  and  Power  Company 

HiiusTUN.  Houston  Lighting  and  Poner  Company 

Marshal]..  Arkansas  and  Te«as  Consolidated  Ice  and  Coal  Com- 
pany 

Pakis.  Paris  Light  and  Power  Company 

Sas  Antonio.  San  Antonio  Gas  and  Electric  Company 

Tavi.ok,  Taylor  Electric  Light  Company 

Waxahachik.  Waxahachie  Gas  and  Electric  Company 


Salt  Like  City. 


UTAH 
Utah  Light  end  Railway  Company 


VERMONT 

Bt:],L»ws  Falls,  The  Fall  Mountain  Electric  Light  and  Power  Company 

Bknmnuton,  Bennington  Water  Power  and  Light  Company 

Brandos,  Neshobe  Electric  Company 

BntLiNCTUN.  Burlington  Light  and  Power  Company 

Fair  Havbs.  Fair  Davcn  Electric  Company 

MintJLcm'RV,  Middlebury  Electric  Company 

MoNTPELiRH.  Consolidated  Lighting  Company 

RirrLANii,  Rutland  City  Electric  Company 

St,  JoHNsutiRY,  St.  Johnsbury  Electric  Company 

Vf-iRiiENNEs.  TheVergennes  Electric  Company 

VIRGINIA 

LvNCiTm-Rii,  Lynchburg  Traction  and  Light  Company 

RlcKMoMi.  Virginia  Passenger  and  Power  Company 

RoANoKK,  Roanoke  Railway  and  Electric  Company 


WASHINGTON 

Abkrdken.  Gray's  Harbor  Electric  Company 

Dayton.  Dayton  Electric  Light  and  Power  Company 
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WASHINGTON- £iiiA'n*«/ 

Everett.  Everett  Railway  and  Electric  Company 

Olvmma.  Olympia  Light  and  Power  Company 

Skattt.e,  Snoqualmie  Falls  Power  Company 

The  Seattle  Eleclrk  Company 
Skikank,  The  WashinKton  Waier  Power  Company 

Wau*  Wau.a,  Notlhwesiern  Gas  and  Electric  Company 


BU'EUHLD, 

Charleston, 
Davis. 
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ORDER  OF  BUSINESS 


Tuesday,  May  24,  1904. 

FIRST  SESSION,    IO.45    A.    M. 

1.  Announcements 

2.  Address  of  President  Edgar 

3.  Report — Committee  on  Progress.    T.  Commerford  Martin, 

Reporter 

4.  Paper— "A  Three-Wire   Five- Hundred- Volt   Lighting   Sys- 

tem."    By  Walter  I.  Barnes 

5.  Paper — "The  Luminous  or  Flaming  Arc."     By  Welles  K. 

Holmes 

second  session,  2.30  p.   M. 

1.  Report — Committee    on     L'niform     Accounting.       Guy     L 

Tripp,  Chairman 

2.  Report — Committee  on  Legislative  Policy.    Samuel  Insull, 

Chairman 

3.  Paper — ".'V     One-Hundred-Mile    Transmission    Line."      By 

Robert  Howes 

4.  Report — Committee  on   Standard   Candle-Power  of   Incan- 

descent I^mps.     Dr.   Louis  Bell,  Chairman 

5.  Paper — "The  Advisability  and   Methods  of  Grounding  the 

Neutral   on  High -Potential   Alternating-Current   Genets- 
tors."     By   George   N.   Eastman 

6.  Paper — "The  Organization  and  Equipment  of  an  Arc-Lamp 

Department."     By  Samuel  G.  Rhodes 

7.  Paper — "Electric  Heating  and  the  Field   It  Offers  Central 

Stations."    By  James  I.  Ayer 

8.  Report — Lost     and     Unaccounted-for     Current.       C.     W. 

Humphrey,  Reporter 


MINUTES 

OPENING  OF  THE  CONVENTION 


"I'lii;  iwciity-scvL'iilli  cwiivciition  of  llie  National  Electric 
Light  Association  was  held  at  the  Hotel  Vendome,  Boston,  May 
24,  25.  26  and  27,  1904.  The  meeting  was  called  to  order  by 
President  Edf.'ar  at  a  quarter  before  eleven  o'cloci;,  Tuesday  morn- 
ing. -May  24.  The  first  order  of  business  was  the  readhitj  of 
lonininnicationii  from  gentlemen  esiiecially  invited  to  attend 
ilie  convention. 


ANNOUNCEMENTS 


The  secretary  read  letters  from  the  following  gentlemen 
who  signified  their  intention  of  attending  the  convention : 

Frederic  Nicholls,  Toronto,  Canada,  Past -President  of  the 
Association. 

Thomas  D.  Lockwood,  Boston,  Honorary  Member. 

Henry  S.  Pritchett,  President  Massachusetts  Institute  of 
Technology,  Boston. 

Professor  I.  N.  Hollis,  Harvard  University,  Cambridge, 
Mass. 

Professor  A.  K.  Kennelly,  Harvard  University. 

Professor  William  L.  Hooper,  Tufts  College.  Mass. 

Professor  Louis  Duncan,  Massachusetts  Institute  of  Tech- 
nology. 

F.  P.  Fish,  President  American  Telephone  and  Telegraph 
Company,  Boston. 

Letters  and  telegrams  of  regret  at  not  being  able  to  be 
present  were  read   from  the  following-named  gentlemen : 

S.  B.  Livermore,  First  Vice-President,  Winona,  Minn. 

J.  W.  Lieb,  Jr.,  Second  Vice-President,  K'ew  York  city. 

Past- Pre  si  dent   Samuel   Duncan.   Atlanta,   Ga. 

Past-President  Charles  R.  Huntley.  Buffalo.  N.  Y. 

Past-President  E.  A.  Armstrong,  Camden,  N.  J. 

Past- Pre  si  dent  M.  J.  Francisco,  Rutland,  Vt. 

Pa  St- President  C.  H.  Wilmerding,  Chicago. 

Past-President  Samuel   Insull,  Chicago. 

Past-President  Alrfen  M.  Young. 

Thomas  A.  Edison,  Orange.  X.  J.,  Honorary  Member. 

Cliarles  F.  Brush,  Cleveland,  Ohio.  Honorary  Member. 

Ivdward  L.  Nichols.  Ithaca.  \.  Y..  Honorary  Member. 

(ieorge   S.   Bowen.  Elpin.    111.,    Honorary   Member. 

C.  O.  Raker,  Jr.,  New  York  city,  Honorary  Member. 

W.  L.  Bowers.  President  Iowa  State  Flectric  Association, 
I  )a\-en|)ort.  Iowa. 

C.  L.  Wakefield.  Dallas,  Texas. 

A  tallv-ln)  ride  for  l!ic  I.-hIIcs  ntt<-n(lin<j  the  convention  was 


announced  for  the  afternoon,  with  tlie  irequest  that  their  names 
be  registered  at  the  Information  Bureau  before  eleven  o'clock. 
Announcement  was  made  that  the  Cooper  Hewitt  Company 
had  arrange<l  to  take  photographs  in  its  parlor  at  the  hotel  by 
the  Cooper  Hewitt  light,  and  an  invitation  was  extended  to  the 
members  to  form  parties  and  groups  and  be  photographed  with- 
out charge  at  some  time  during  the  convention. 


President  Edgar  then  read  the  following  address: 

ADDRESS  OF  PRESIDENT 

To  the  Members  of  the  Xatioiial  Elcelric  Light  Association : 

It  is  with  peculiar  pleasure  that'  i  welcome  you  to  this 
city.  It  is  now  seventeen  years  since  this  association  met  in  Boston, 
and  although  I  agree  with  my  predecessors  that  the  duty  of  the 
president  of  this  association  should  be  that  of  executive  officer 
rather  than  historian,  1  can  not  resist  the  opiwrtunity  to  make 
a  few  comparisons  between  the  year  1887,  when  this  associa- 
tion met  at  the  Parker  House,  in  this  city,  and  the  present  year. 

It  was  my  pleasure  to  attend  that  convention  as  a  guest 
of  our  old  friend,  Captain  Bropliy,  and  !  have  a  somewhat  dis- 
tinct recollection  of  the  meetings  and  of  the  entertainments.  I 
know  it  was  with  considerable  anticipation  that  1  looked  forward 
to  the  visit  to  the  works  of  the  Thomson-Houston  Company,  in 
Lynn,  then  rated  as  one  of  the  largest  works  of  its  kind  in  this 
country,  and  yet  the  number  of  men  employed  in  the  entire  works 
at  that  time  was  not  as  great  as  of  those  now  employed  in  almost 
each  one  of  its  dozen  departments. 

At  that  time,  too.  the  I'.oston  Kdison  company,  that,  with 
its  friends  and  associates  in  lioston.  is  (»ie  of  those  to  welcome 
you  iiere  to-day,  was  the  proud  [possessor  of  one  small  station, 
with  a  total  load  connected  to  its  overhead  system  equal  to  the 
fortnightly  growth  of  the  present  year.  In  those  days,  too.  the 
horse-cars  made  their  wear>'  way  along  the  Tremont-street  mall 
of  the  Boston  Common.  l"o-day,  not  only  the  horses  but  the 
cars  and  the  tracks  have  disap]}eared,  and  under  this  same  mall, 
now  made  handsome  by  the  disappearance  of  the  tracks,  is 
located  and  operated  the  first  electrically-operated  subway:  one 
of  the  finest  in  this  counlry,  or.  in  fact,  in  the  world. 

And  so  I  might  go  on  for  an  hour,  showing  that  during 
lluse  seventeen  years  other  things  besides  the  electric-liKbting 
business  have  shown  tremendous  imigress ;  vet,  after  look- 
ing at  all  these  other  things  and  furming  a  conclusion  as  to 
what  the  rate  of  progress  has  been,  we  are  astounded  when  wc 
turn   our   ga/e  u]>on   nur   own   business,    as   represented   by   the 


mwjibcr*  t>i  this  aKSocialtoii  dislrilmicd  lliroughout  the  United 
States  and  Canada.  Ilie  iitiin1i<.T  ui  ck-ctric-jif^ht  stations  lias 
iiKrcascO  during  these  seventeen  ytarn  more  than  ninc-fotd.  Nat- 
nrally,  the  membership  of  tliis  assitciaiitHi  has  not  grown  in  pro- 
purlion,  but  the  fact  that  there  arf  now  ii)h)ii  our  rolls  588  iiiem- 
l)ers,  as  compared  with  only  158  at  that  time,  is  a  matter  for  sin- 
ercconRratuIatioi).  T\k  wonderful  work  done  by  my  two  imme- 
liate  predet-essors  in  getting  new  members  into  this  assoc^iaiton 
stands  by  itself.  The  growth  thii  year,  as  the  result  of  their 
work,  has  been  rather  slow,  .Al  the  same  time,  tlic  association 
has  had  a  healthy  and  steady  increase  in  membership,  and  1 
feel  salislied  diat  it  wilt  continue  Ai  at  least  a»  great  a  ratio 
as  during  the  past  year. 

Speaking  now,  for  a  moment,  ns  one  of  the  representatives 
of  the  electrical  interests  in  thii  city,  1  t>eg  in  call  your  atten- 
tion to  the  cntertaiimicnt  programme  submitted  by  thai  com* 
mittee.  This  programniv  lia»  txren  prepared  with  great  care, 
and,  although  exten-iivc  and  varied,  does  rmt  in  any  way  con- 
riict  with  the  business  for  which  we  have  come  together.  Six 
bustnes>  se«sion»  of  the  association  have  been  arratiged  for.  as 
shown  by  the  ofticial  programme,  and  we  are  planning  to 
have,  with  your  assistance,  three  days  of  hard  and  conscien- 
tious  work,  Bef«ire  procee<liiig  to  the  consideration  nf  ihi^ 
programme,  there  are  a  inimber  of  matters  to  which,  as  chief 
cxeailive  ofliccr  of  this  association.  I  should  like  to  call  y»nr 
attention. 

Some  months  ago.  tlie  question  of  a  Union  Engineering 
Building  in  New  York  was  brought  officially  to  the  attention  of 
thik  association.  As  is  well  known.  Mr.  Andrew  Carnegie  offered 
to  give  $1,000,000  to  the  four  associations  composing  the  elec- 
trical, the  mechanical,  the  mining  and  the  civil  engineers  of  this 
country,  together  with  the  linginccrs*  CTub  of  New  York,  for 
the  pnrptise  of  putting  up  a  Union  Engineering  Building,  which 
should  be  the  moM  comprehensive  affair  of  its  kind  in  t)>e  world. 
After  due  consideration,  all  of  the  organizations  named,  with  the 
exception  of  the  American  ln«titiito  of  Civil  Engineers,  de- 
cided to  take  part.  It  Iwing  generally  understood  that  Mr. 
Carnegie  had  in  mind  an  enterprise  covering  all  branches  of 
cnpncering  life,  great  doubt  existed  in  the  minds  of  those  inter- 
ested as  to  whether  or  not  he  would  be  willing  to  go  on.  in 


view  of  titr  declination  of  tlie  Civil  Ivngineers  to  take  thdr  share- 
As  ino»t  of  you  ^ay  know,  he  lias  not  only  decided  to  erect 
this  bniMing:  for  ihe  remaining  auocialions.  bni  has  iiKTvased 
the  sum  from  $[akx>,coo  to  $1,500,060.  I1ie  space  tliat  it 
was  intended  to  allot  to  the  Civil  Engineers  is  10  be  litted  up 
with  modern  oflice  accoimnodaiions.  and  this  association,  a-i  well 
as  a  number  of  others  of  t]ic  same  general  character,  was  asked 
if  it  would  be  willing  to  consider  taking  its  permanent  oflices  in 
this  building.  I  conferred  wilb  a  number  of  gentlemen  con- 
nected with  this  association  and  familiar  with  its  history,  and 
informed  the  cominiltec  thai  I  thought  that  the  Xaliunal  I^lectric 
Light  Association  would  uitdoubtcdly  consider  with  great  favor 
Uie  question  of  locating  its  permanent  offices  in  their  building. 
To  those  of  you  who  arc  familiar  with  the  present  unsatisfactory 
location  of  our  secretary's  otficc,  the  proposed  arrangenicnt  will. 
I  tliink,  appeal  with  grent  force.  Personally.  I  am  strongly 
of  the  opinion  that  the  location  of  our  offices  under  these  cir- 
cumstances in  the  quiet  of  the  u|>-town  district  and  in  an  engi- 
neering atmospliere  will  be  a  great  benefit  to  all  concerned. 

The  time  has  conic  when  it  seems  desirable  to  make  a  some- 
what radical  change  in  the  by-laws  of  our  association.  When  it 
was  organized  some  nineteen  years  ago.  ihe  industry  consisted  of  a 
large  number  of  small  companies,  located  throughout  the  country. 
Almost  without  exception,  these  companies  were  confined  each  to 
its  own  city ;  in  fact,  there  were  a  number  of  cities,  especially  those 
of  the  larger  size,  that  had  a  number  of  competing  companies.  As 
time  went  on.  consolidations  took  place,  either  by  Ihe  purchase 
of  a  local  company  by  a  ,*yiidirtne  i>r  holding  cwupany  or  bv  the 
actual  amalgamation  of  conipeling  or  of  adjoining  companies. 
This  has  at  the  present  time  been  carried  on  to  such  an  extent 
thai  in  some  sections  of  the  country  all  of  the  small  companies 
have  now  been  obliterated  and  one  large  corporation  now  covers 
the  territor>'  and  docs  the  entire  work,  A  mtist  striking  ex;im- 
ple  of  this  kind  comes  under  my  own  personal  observation. 
The  Boston  Edison  company  has  taken  the  place  of  fifteen  local 
lighting  companies,  all  of  whom  were  eligible  for  membership 
in  our  association.  Tnder  the  regulations  of  this  state  it  i« 
necessary  actually  to  wind  up  these  local  companies,  not  only 
in  a  business  but  in  a  corporate  sense,  and  a  number  of  them 
have  therefore  had  to  resign  from  the  association.     Within  the 


nfxt  year  or  two  tliere  will  be  only  one  company  left  and  th« 
actuiil  membership  in  tltc  association  will  be  cut  down  from  seven 
to  one.  This  is  going  on  all  over  the  country  and  is  a  matter 
rtf  serious  coticeni  for  the  future  of  the  a&sociation.  The  tnattcr 
has  been  discussed  at  considerable  length  by  the  executive  com- 
mittee, and  numerous  suggestions  have  been  made  for  overcora- 
iiij^  the  difficulty.  These  liave  been  put  in  concrete  form  by  your 
secretary  and  will  be  submitted  to  the  association  in  executive 
§e»sion,  Speaking  generally,  the  remedy  suggested. is  to  have 
anolhcr  class  of  membership,  consisting  of  individuals  called 
junior  active  members,  to  be  elected  under  some  sort  of  super- 
vi.iinn  from  the  active  member  with  wlioni  they  are  connected  in 
business  and  paying  as  dues  an  amount  in  keeping  with  their 
privilege*.  I  trust  that  this  matter  will  be  given  serious  con- 
sideration by  the  nie:uber!i  of  the  association  within  the  next 
t«o  or  three  days,  so  that  a  conclusion  can  be  arrived  at  at  the 
executive  soxsion  on  Tliursday. 

The  electric-lighting  indu8tr>-  of  this  counlr>'  has  in  the  past, 
in  certain  delinite  directions,  been  under  somewhat  serious  disad- 
vantages because  of  the  Lick  of  a  comprehen-iive  and  correct  direc- 
tory of  our  industry.  In  most  other  lines  of  work  it  has  been  pos- 
sible for  manufacturers,  investors,  or  im|uirers  generally,  to 
find  out  something  about  the  industry  in  which  they  were  in- 
terested. This  want  was  brought  especially  lo  my  attention  some 
time  durittg  the  early  part  of  the  year.  One  of  tlie  various 
circular  letters  issued  periodically  by  our  assistant  secretary  was 
sent  out  over  my  name  and  mailed  from  Boston.  The  number 
nf  letters  returned  to  me  undelivered  was  astonishing,  and  t 
came  to  the  conclusion  that  all  ttie  existing  lists  were  worse 
than  useless*.  About  this  time  our  attention  was  called  to  the 
prospect  of  this  work  being  taken  up  by  one  of  our  own  mem- 
bers and  put  on  a  par  with  the  publications  of  other  industries 
of  like  character.  I  think  th.it  we  shoidd  give  our  earnest  sup- 
port to  this  enterprise;  incidentally  because  it  is  carried  on  by 
one  of  our  own  members,  but  primarily  and  selfishly  because  we 
are  interested  in  having  it  a  success. 

During  the  year,  a  somewhat  disturbing  occurrence  look 
place  in  connection  with  the  proposed  participation  that  this 
assonation  was  to  take  in  the  affairs  of  the  TnlemationsI  Elec- 
trical Congress.    Both  at  the  Cincinnati  convention  and  a  year 
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later  at  Chicago,  uivilalioiis  were  exictided  to  tliis  as^iodaium 
tp  meet  at  St.  Louis  to  take  part  in  the  congress.  'Ilirougli  an 
un{oriun;tte  combinaiiun  uf  circuTii stances,  this  inviiatiuti  w9i$ 
overlooked  in  malciiig  out  the  final  [)r<igTaitiiiie.  The  cotninuiet 
oi  your  association  that  has  in  charge  the  relations  that  exist 
between  this  association  and  kindred  organizations,  louk  the  mat- 
ter u|i  and  after  lung  and  ^inewliui  implicated  conferences 
ath'iscd  me  that  it  was  its  wisli  that  the  association  should  accept 
a  new  invitation  from  the  congress,  inviting  xit,  l»  prejiare  ilirce 
(Mpers  and  to  &etid  the  authors  3a  delegates  to  ihc  cungrcss.  The 
invitation  in  tliis  form  was  accepted  and  the  executive  committee 
IK  alioiit  to  choose  lhe»v  delegates,  and  I  have  every  reason  to 
hope  that  an  announcement  of  their  tianK'>  and  their  subjects 
can  be  made  Iwforc  the  adjounimenl  of  this  convention.  The 
woric  of  the  congre**  is  truly  iiiieniation.i)  in  its  charadcr, 
pa|)ers  itaving  l>ccii  promised  by  some  of  iln-  most  noted  scientists 
in  the  world,  Imth  in  this  CDUinry  and  abroad,  and  we  are.  for 
thJ*  reason,  extremely  anxi<)lI^  that  our  rq»rtsentation  at  the 
congress  shall  be  in  keeping  with  the  standing  of  this  associ- 
ation. 

U'niil  !  Iiecantc  president  of  your  association  I  had  no  sus- 
picion of  die  vast  amount  ol  work  carried  on  at  your  pcrna* 
netil  offices  in  New  York.  Under  the  eflicient  direction  of  your 
assislafit  secretary,  a  large  and  varied  corres|)OTidence  is  kept 
up  witli  the  mcmhcr  ct>iii[>anics,  an  average  of  over  icii  letters 
per  day  being  written  on  all  sorts  of  subjects.  In  addition  to 
this,  various  compilations  have  been  nuide  during  the  year  and 
must  of  these  have  been  forvvardwl  lo  the  mcndicrs  from  time 
to  linie.  The  office  is  now  engaged  upon  variou!>  other  rv[K>rts, 
notices  of  which  will  lie  given  to  you  at  the  proper  time.  In 
fthort.  we  have  a  thorough  and  businesslike  organization,  capable 
of  taking  up  and  inielligcnily  discussing  almost  any  subject  of 
interest  to  the  members  of  the  association. 

Some  lime  during  the  winter,  it  was  suggested  to  me  by  one 
of  the  members  of  tlie  executive  o>mniiltee  that  there  must  Ik: 
a  vast  fund  of  available  infonniilion  in  ilie  records  of  the 
association  which  was  practically  useless  tiecause  of  the  lack  of 
»n  index.  The  niiittcr  wm  taken  up  at  once,  and  there  has  been 
prcp«rc<l  a  complete  index  of  the  papers  and  reports  presented 
to  this  association  since  its  nrganiiation.  indexed  and  cro&.t-in- 


dcxcd  in  various  ways.  Il  is  inmukd  tu  publish  this  as  a  separate 
-v<^tmie  for  c1iMril>ution  with  the  proc««(lingi  of  this  couven- 
ttoii.  I  (hink  tiint  none  of  y>m  who  has  ikh  >|KH~i»IIy  look»l  into 
this  siibjciM  rfahzcs  tlic  great  anioimt  of  in  formal  ioii  that  is 
lockf<I  up  ill  the  proceeOiiigs  of  otir  conventions  btit  thil  will 
be  Rvnilahie  al^  momi'jit's  iii>ticc  when  this  itidcx  is  publishitl. 

A  nionlh  or  two  ago,  Mr.  C.  O.  Uakcr  decided  ihat  he  would 
unable  to  altetid  this  coiivemtou  and  therefore  tendered  his 
Tesifinaltoii  as  master  of  transportation.  Mr.  Uakcr  has  been 
idviititicd  with  this  office  for  so  many  years,  and  has  managed 
its  affairs  *o  satis  faaorily,  that  many  of  you  have  not  realized 
cither  the  time  or  ilic  ability  that  he  has  Riven  to  tlic  affairs  of 
this  association.  1  would  therefore  sitggi.-«l  that  an  appropriate 
resolution  be  |Ki»t(ed.  mcogniutig  the  work  of  this  efficient 
officer.  I  was  forliinati."  in  findiii);  Mr.  CiforKc  F.  Porter,  so  long 
and  so  closely  iniU-iitilicd  with  all  of  you,  able  and  willing  to 
lake  up  lliis  work,  ami  it  was  therefore  with  great  satisfaction 
that  1  ap)>ointi*d  bini  to  tho  vacant  ofTicc. 

TIk-  programme  to  which  I  invite  your  attenlion  ha*.  I 
think,  a  number  of  papers  and  reports  of  great  interest  to  this 
association.  This  year  we  have  made  a  special  effort  to  liave 
the  papers  printetl  in  advame-  Of  the  twenty-eight  papers  iijxin 
the  prograniine.  all  have  been  itrinterl,  and  twenty-three  were 
mailed  aWmt  a  week  ago  to  the  home  addresses  of  those  intending 
ID  attend  the  convention,  and  )  think  il  is  an  appropriate  lime  for 
me  to  express  i>erKoiia11y  my  sincere  thanks  to  the  authors  of  these 
various  papers  ami  rc^xirts  for  their  promptness  and  willingness 
to  assist  me  in  carrying  out  this  scheme.  Hie  result  il  that  w* 
hn\te  to  be  enabled  to  give  much  more  aiiention  than  usual  lo  the 
discussion  of  these  papers,  as  they  have,  1  hope,  been  rearl  and 
consiilcrctl  by  the  <Ielcgates  Ijcfore  leaving  home.  1  therefore  liave 
to  imggest  that  >*mK  of  the  t*a|)ers  lie  read  only  by  title  and  others 
abstracted  in  a  somewhat  brief  manner.  This  is  the  practice 
among  organixatiomi  of  thiii  charaitcr.  and  although  it  is  an 
innovation  in  this  association  I  think  the  experiincnl  is  one 
worthy  of  consideration. 

.\iiother  matter  to  which  I  wish  to  call  your  attention  is 
the  great  delay  that  lias  taken  place  in  the  past  years  in  the 
piibhcatton  of  our  records.  I  have  followed  up  thi*  matter 
during  the  past  year  with  great  interest  and  considerable  im- 
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patience.  Remarks  made  at  the  Chicago  convention  in  May  have 
remained  tincorrcci<;d  for  three  months.  In  an  cfTort  to  prevent 
this,  I  asked  that  this  year  the  arrangement  for  stenographic 
work  be  made  on  the  basis  of  a  ccrrectod  proof  before  the  a<l- 
jOuniinent  of  the  convention,  I  therefore  most  earncjlly  ask 
each  gentleman  taking  part  in  the  diKussioiis  tb  make  a  de- 
termined effort  to  correct  his  remarks  before  leaving  Boston. 
This  can  be  done  in  each  case  in  a  few  moments  and  will  enable 
us  to  send  out  otir  book  while  the  matter  is  fresli  in  the  minds 
of  otir  members.  I  do  not  want  to  try  to  accomplish  the  impoe- 
siblc.  but  I  am  uiii.4tied  that  months  can  be  saved  by  a  systematic 
effort  on  the  part  of  each  delegate  to  assist  the  secretary's 
office  in  thi$  matter. 

All  of  the  committees  recommended  by  your  two  preceding 
presidents  have  been  appointed  and  have  made  reports,  which 
are  in  print  and  before  you.  The  report  of  the  committee  on 
steam  turbines  is  of  the  greatest  importance,  and  it  so  appealed 
to  one  of  the  members  of  the  committee  that  he  under- 
took a  further  investigation  of  this  subject  abroad.  Upon 
his  return,  only  one  month  ago,  he  turned  over  to  the  com- 
mittee such  a  wealth  of  material  and  data  that  it  was  imixissilile 
to  gel  it  in  ty|ie  in  advance  of  the  opening  of  the  convention. 
It  has  been  my  plcaj.urc  to  be  present  at  one  or  two  of  the  recent 
meetings  of  this  committee,  and  I  can  assure  you  that  the  material 
contained  in  the  report  is  of  the  greatest  value  to  you  all. 

The  Question  Box  aiul  the  Wrinkles  are  Iioth  papers  worthy 
of  your  careful  attention.  The  dividing  line  between  lhcs« 
two  departments  is  very  hany,  and  I  am  not  at  all  sure  that  they 
should  not  be  operated  in  coimeetion  with  each  other.  This 
is  a  matter  for  the  incoming  administ ration  to  decide. 

During  the  year,  the  question  of  advertising  has  been 
taken  up  on  a  scale  of  considerable  magnitude  by  a  number 
of  our  larger  member  companies.  The  experience  gained  by 
these  comi>anies  ought  tn  be  of  great  value,  even  to  the  small 
members,  and  the  paper  of  your  adverti.iing  reporter.  toKclher 
with  its  accompanying  samples  of  advertising  matter,  will.  I 
think,  he  a  suhjcct  of  much  interest  to  yow  all. 

The  gold  medal  offered  two  years  ago  by  p.ist-Presid*nt 
Doherty  for  the  best  paper  on  underground  construction  was 
not  awarded  last  vear.     In  February  of  this  year,  notices  were 
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out  to  members  of  the  sssociatioii,  and  trt  ihe  public  geii- 
crally,  that  this  competition  was  open.  A  number  of  papers 
liavc  bc«i  presented  and  considered  by  a  coinminee  of  three 
distinguished  engJiicvrs.  who  were  appointed  for  ttiat  purposc. 
Thcy  have  come  to  their  concUixii^n  and  will  announce  their 
decision  at  the  morning  session  to-morrow. 

When  I  look  the  presidency  laM  year.  1  discovered  npoo 
the  records  a  number  of  coniiniitces  that  had  not  reported  for 
some  years.  Thrre  iccnied  to  be  no  clear  distinction  in  the 
minds  of  any  one  as  to  the  ditTerence  between  yearly  and  stand* 
ing  committees.  I  tberefore  called  upon  all  of  these  old  com- 
mittees either  to  report  or  to  *ugge»t  their  <iiscltarge.  I  hope 
to  leave  to  my  successor  the  privilege  of  appointing  or  reap- 
pointing committees  only  upon  subjects  that  are  active  at  the 
present  time. 

Tlic  work  uf  the  association  is  so  well  distributed  among 
its  various  committees  and  reporters  that  it  seems  to  me  there 
arc  very  few  things  that  have  not  been  covered.  I  do  think, 
however,  that  we  should  have  a  strong,  fiermanent  conmiittce 
upon  the  subject  of  municipal  ownership.  This  subject  is  a 
perennial  one  and  ahliough,  perhaps,  no  more  serious  to><tay 
than  during  the  ia$l  half  dozen  years,  it  is  certainly  a  subject  of 
great  im|X)rtancc  and  one  which,  Iiandted  by  a  strong  com- 
mittee and  heade<l  by  some  member  wlm  would  take  the  inilia- 
tivc.  would  be  of  great  assistance  to  the  member  companies  of 
the  as»uciatiuii, 

The  extremely  cold  weather  of  the  past  year  lias  also 
brought  out  prominently  a  novel  use  of  ibe  service  of  the 
electric  companies.  I  refer  to  the  thawing  of  water  pipes. 
.  Unfortimatcly.  I  have  been  disappointed  in  getting  a  paper  oo 
this  subject  for  this  convention.  .Although  we  may  not  have 
a  winter  such  a.«  the  past  for  a  number  of  years.  I  think  the 
experience  that  has  been  gained  hy  some  of  our  companies 
during  the  pawt  year  should  Iw  made  use  of.  .ind  I  would  there- 
fore suggest  the  apj>oirUnicnt  of  a  rcjiorter  to  take  up  this 
subject,  compile  snch  information  as  he  can  obtain  as  to  the 
recent  experiences  of  our  member  contpanics,  and  distribute  It 
to  the  members  some  time  during  the  coming  summer  or  early 
fall, 

Tlie  position  of  the  president  of  this  association  is  a  hard 
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Sic,  ami  yi,-l  1  ilo  nt>t  know  but  thai,  from  the  very  iiHiire  ol 
war  or(;aiiizatioii,  it  niusi  he  so.  Tlic  as»i>ciation  and  its  busi- 
mrM  is '  continuous.  Th«  president,  sometime!)  txken  from  (he 
cxi-oiitivf  coiiitnittcc  aiul  sotrn-tinics  from  the  ranks,  finds  hiin- 
wlf  upon  the  a<ljniinmienc  of  the  aiiiiiial  cmuuniion  ai  ihc 
head  of  *n  oxlcnsivc  organizaliun.  of  which  he  knows  very 
little.  It  takes  numih-t  t"  ah«irh  awl  nntliTslaiuI  the  roally 
great  and  compri-hciisive  work  that  tins  assm-iali.m  is  rarrvini; 
on.  As  soon  %»  he  ^ts  this  into  his  head  he  is  called  upon  to 
iwcparc  for  the  next  convention,  and  then,  when  ii  is  al)  iiver. 
he  lay*  down  the  diilicb  of  his  office  with  a  sigh  nf  relict  and 
a  leelini;  of  com  mi  oration  ft>r  his  Ditccrtsor.  I  do  not  know 
that  this  can  he  helped.  I  think  thai  our  theon,'  of  haviii); 
three  menihers  of  the  executive  comniillee  elected  each  year. 
Ihu!)  making  Ihal  btxly  continuous  and  having  it  the  eovern- 
rng;  otic  of  Ihc  associalton.  is  t^ood,  hut,  as  a  matter  of  fact, 
the  e.xecutive  coitnnittee  ha«  never  had  any  rciiHon  to  Iwlievc 
lltat  it  harl  much  to  do  with  the  executive  work  of  the  associa- 
tion. I  think  we  should  have  a  general  understanding  that 
the  executive  cominittee  is  intendeif  for  work:  that  it  should 
gel  together  al  least  once  in  three  months  and  bt  a  connect* 
inj.'  link  hcl\ve*ii  ihe  iircsident  and  the  seniinienl  of  the  associa- 
tion as  represented  hy  the  members.  I'or  this  puri)ose  1  think 
tliat  the  executive  committee  should  be  chosen  with  some  refer- 
tnce  to  get^raphical  location  and  with  cnnsiderahlc  reference 
to  ilie  sire  of  the  companies  thai  it  repre»enls,  Then,  in  order 
to  make  il  easy  and  |Ni»sthIe  for  its  niemhers  tn  attend  the 
periodic  meetings  of  the  comniillee,  an  arrannemenl  should 
be  authorized  for  meetiiiK  the  necessary  expenses  of  ihesa 
meetings,  This  mailer  has  Iwen  discussed  by  the  executive 
C"iun)tiitee  during  the  past  year,  and  i  hope  that  the  comtnillee 
will  have  si«nc  dtfinilc  suf^eslions  to  offer  in  the  report  thai 
it  will  make  al  the  executive  session  on  Thursday. 

Even  if  this  can  be  acconiplisheil,  1  reiilizt-  llwil  the  ilif- 
ficulty  is  fundamental.  We  "lUM  Vmk  lo  our  pcnnanent  officer* 
to  keep  the  work  of  ibe  association  going  in  the  right  direc- 
tion. It  devolves  upon  them  to  instruct  the  incoming  admin- 
istration as  to  the  pre»'edeiils  and  policies  of  the  pasl  ami  in 
gefit-ral  lo  keep  the  permanent  policy  of  the  organization 
Iwfore  the  mind  nf  each  new  exerulive.  leaving  lo  the  latter 
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|>rivilcc;«  uf  bringing  (o  itiL'  o^<c  and  tu  ibc  work  the 
viil^li  of  his  own  persoiiulity.  hikJ  thus,  hy  a  mixture  of  tlie 
r>hl  an<l  ihc  new,  buiklinR  up  an  organizalioii  that  will  slanil 
dtatLuct  atifl  nniqne  among  its  confreres. 

Mr,  HiCNKY  L.  UuiiiiKTv  (l>«rnvL-r):  It  has  Iwen  cus- 
lontary  lo  refur  the  addrtsa  of  ihc  president  lo  a  comniillw 
for  the  considvration  uf  the  rcconiniLiidatiuns  il  contains.  The 
addrcsA  you  have  jii»t  heard  contains  as  many  valuable  sug- 
gestions for  ilic  future  welfare  of  the  a»Auciation  as  any  of 
liw  addresses  wc  have  heretofore  heard,  if  not  more.  This 
is  a  comprehensive  effort  to  put  tlie  atTairs  of  the  association 
in  better  shape,  and  1  move  that  die  secreiiir)  he  tnstnietvd  lu 
apiwiitl  a  committee  to  confer  upon  the  address  of  the  presi- 
dent and  rcpon  upon  the  sanic. 

(Tlic  motion  was  carried,  and  the  secretary  subsequently 
ap|X>inted  the  following-nanicd  geniUiiien  a»  »  committee  oil 
the  president's  address:  Henry  L.  IJohcrty.  I^nvcr,  chair- 
man; i_ieiirge  \V,  Brine,  AllaiHa;  11.  T.  llariman.  I'hilade!- 
phia. ) 

Tin:  TVusiiHiN r :  Heforc  prtKceding  with  the  regular 
pro^aiiinie  ilierc  are  one  or  two  tilings  that  it  niiglit  perhaps 
be  well  to  say:  wc  say  thcni  every  year.  When  wc  adjourn 
to-day  for  luncheon  I  want  yoti.  gentUMuen,  to  deride  at  whal 
hour  we  shall  come  together  again.  I  will  agree  that  wc  shall 
meet  at  that  lime.  It  may  be  hard  on  the  gentleman  wlio 
has  to  read  the  first  iiajier  to  call  the  inoeling  promptly,  but 
unless  wc  do  this  we  shall  not  have  sufficient  tinie  to  consider 
all  the  pa{)ers. 

riie  fifit  paper  on  Ihc  progranimc  is  nn  a  subject  tlwt 
was  new  last  year.  It  was  *iich  a  succes*  that  it  is  rqwaterl 
this  vear.  and  I  have  no  doubt  that  it  will  he  repeated  indef- 
initely at  our  future  meetings.  I  take  pleasure  in  ininiduc- 
iiig  Mr.  T.  CommcrfunI  Marlin,  of  N'ew  York,  who  will  pre- 
sent a  reiiort  on  Prepress. 

Mr.  Martin- ;  Mr.  President — I  understand  from  the 
remarks  ttial  have  been  made  regarding  the  papers  being  in 
type  and  sent  to  the  ncmbcrs  of  the  association  a  week  ago. 
that  it  wilt  hardly  be  neces-sary  to  read  the  paper  in  full. 
Mine  was  one  of  the  papers  in  type.    The  meniUTs  have  there- 


fore  had  a  full  week  in  wlitch  to  ddcmiinc  llic  value  of  its  con- 
tejus,  and  1  hardly  think  it  necestary  to  take  up  >'our  time  in 
preseiiling  merely  an  abstract 

The  paper  deals  primarily  with  statistics  of  the  art  and  oi 
the  industry,  indicating  the  groK*th  that  our  an  is  making. 
awl  presenting  for  the  first  lime  before  this  association  the 
figures  compiled  by  the  United  States  Census  Office,  for  wliidi 
I  have  the  honor  of  acting  as  special  expert  agent.  It  is  the 
lirst  lime  ihat  the  ligures  of  the  electric-light  industry  in  any 
country  in  the  world  have  been  compiled,  and  1  am  very  pfxjud 
of  the  fact  that  in  this  instance,  as  in  so  many  others  of  the 
kind,  oiir  Govcnmicnt  takes  the  lead.  Following  that.  I  pre- 
s«il  comparisons  between  our  country,  lingland.  Germany  and 
Spain,  and  I  also  present  some  Rgtires  in  regard  to  tlte  con- 
sumption of  current  in  Europe  and  regarding  the  prices 
obtained  for  service,  including  incidcnially  such  tigurcs  as  a 
price  of  $225  and  $240  per  arc  lamp  in  Paris — figures  that 
I  respectfully  «>mmen<l  to  virti  for  (|uotation  the  next  time 
you  are    up   against   ilic   municipal-ownersliip   proposition. 

My  paper  next  deals  with  the  advances,  improvements 
and  invention*  being  made  with  respect  to  electric  lighling 
technically,  and  gives  bricHy  some  data  and  a  few  facts  with 
regard  10  the  Ncrnst  lamp,  the  Coo|>er  Hewitt  mercury-vapor 
lamp,  the  osmium  lamp  and  the  niaKnetttc  lamp.  With  regard 
10  the  last  mentioned,  however,  a  paper  will  be  presented 
shortly  fcdiowing  my  own,  This  lamp.  I  notice,  is  referred 
to  as  the  "luminous  or  flaming  arc."  and  I  think  you  will 
agree  with  me— irs|}ccially  those  of  you  who  met  here  in  this 
city  seventeen  years  ago—that  we  can  at  last  coiigrainlate  our- 
selves ii(H>n  being  able  to  present  to  the  public  a  Iinninaus  arc. 

My  paper  then  gives  kwic  data  with  regard  to  the  subject 
of  electric  heating,  having  reference  especially  to  the  plant — 
which  is  the  largest  in  the  world — ihat  has  been  installed  in 
the  rjovcmmciit  Printing  Office  in  Washington,  where  elec- 
tric heating  is  used  for  practically  every  purpose  thai  can 
be  ixinccived  0/  in  connection  with  the  art  of  typography  and 
of  binding.  Reference  is  also  made  in  the  paper  lo  the  inter- 
esting use  of  electric  heating  that  has  been  introduced  it- 
Harvard  by  our  past-president,  Mr.  Aver,  in  connection  with 
the  refreshments   for  the  students  there. 
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1  believe  this  summarizes  briefly,  but  quite  sufficiently,  the 
main  points  in  the  report  that  the  committee  has  deemed  worth 
while  to  present  to  you.  There  were  a  number  of  subjects 
that  I  had  set  aside  for  discussion  and  in  regard  to  which  I 
had  accumulated  data  and  information,  but  I  have  been  glad 
to  know  that  our  president,  by  his  energj'  and  well-directed 
intelligence,  had  been  able  to  secure  from  well-known  men 
definite  papers  dealing  with  these  topics.  It  therefore  seemed 
quite  unnecessary  for  me  to  take  up  subjects  that  are  more 
fully  treated  by  more  competent  men. 


Ilii*  following  is  Mr.  Martin's  report: 

REPORT  OK  THE  COMMITTEE  ON  PROGRESS 


Tilt  i-nitral-staiimi  imhiMry  of  the  United  States  has  en- 
joycil  sint«  this  association  last  met,  iti  Cliicapo.  aimtlKT  y«'ar 
<if  marked  advance  and  proftpcniy.  Alllioucli  iTii-  period  l>»s 
Iweii  one  ot  iinccnainly  and  disturbance  in  the  financial  markets, 
the  disa*ters  of  *|jcciilatiiin  thii*  tlnvarliiig  the  leKitimale  hopes 
and  ambitions  of  industrial  eiilerprise  and  checking  new  invest- 
ment, electric  lighting  lias  experienced  no  setback.  Tlie  rate  of 
gain  over  previous  period*  ha*  apiMrently  Itecii  maintained,  if 
inilccd  it  has  not  Iwcn  accelerated. 

Stati.stieal  data  are  tlie  iintt  that  should  reecivc  consider- 
ation, and  forlnnatcly  we  nnw  have  a  firm  liaws  njwn  ii-bich  we 
ean  foiui<l  our  sliidy  and  analyst*  nf  the  fi^nro^  of  electric  liglit 
and  |x>wcr.  When  I  bad  the  honor  to  present  my  rc|»rl  last 
year  us  Conniiiliee  on  I'rojjrcs*.  die  ("niteil  .''lates  CeniMis  sta- 
tistics were  not  available  as  to  Ihe  growth  and  slatns  of  Ihe  art. 
They  have  since  been  pid)lifihed,  and  are  (nThaps  now  familiar. 
As  sjwcia!  expert  for  the  government  in  connecltnn  with  thi* 
w<irk.  anil  having  an  opportimity.  therefore.  In  lesi  the  work 
done,  [  can  speak  with  praise  in  regard  to  the  consciciUioii«, 
inU-llit;enI  an<l  |>ainsiakjn|p;  manner  in  which  Messrs.  S.  X.  D. 
North  uiow  dirccinr  of  ihc  Census  Oflicci  and  W,  M.  Stenart 
(now  chief  statistician  for  the  Dqiartmenl  of  Mannfacinres  in 
tile  Census  Office)  sought  to  verify  antl  confinn  every  statement 
given  out. 

FKlfRKS  DP  Tin-:  INIIL'STRV 

It  is  to  lie  borne  in  mind  that  the  figures  (|uoied  are  for  1003. 
but  ihey  arc  the  latest  available  and  now  for  the  first  time  Iw- 
come  part  uf  the  association'*  record.  Tlicsc  being  the  first 
compilerl.  ii  is  dtfficnlt  to  establish  a  percentage  of  annual  gain, 
but  it  is  safe  to  say  thai  the  rate  uf  increase  each  year  is  nor 
less  than  10  iicr  cent.  .X  great  many  companies  do  belter  than 
that.  At  the  lime  of  the  enumeration  there  were  3<>2o  central 
eleilric  stations  in  nperalion.  The  coisl  of  their  coniilriiclifni  and 
equipment  amounted  to  $504,740,352,  The  gross  income  for  the 
year  was  re[K)ried  at  SR^.Too.Oo^.  and  the  total  expenses  at 
Sfi8.ofii  ,375.      These  stations  furnished  employment  to  23.330 
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waj^-tamcrs,  who  rereivcd  $14.983.1 13  as  wages  during  ilic  year. 
The  iKJuver-plant  c(jt)i]>iiieiit  coiiusted  of  5930  steam  ciipiucs  with 
1.379,941  indicatefl  liorse-powcr.  and  1390  waicr-whwjJs  with  s 
BlHtfd  liorsc-)iowcr  of  43847J.  Tlie  gciieraciiig  plants  consisted 
of  12.484  dynamos  of  every  description  with  3  staled  horsc-ijowcr 
of  1.624.98a  A  noteworiliy  feature  in  the  ilcvclopnienl  of  this  in- 
dustry has  been  the  installation  of  plants  operated  under  the 
control  of  tnunici  pa  lilies.  There  were  815  of  these  plants  in 
uperation.  The  cost  of  their  construction  and  equipment  was 
reported  at  $2J.O20^7S-  Tliey  gave  employmeiH  to  24f>7  wage- 
earners  and  paid  $1422.341  in  \va};cs. 

The  alxjve  figures,  liowever.  do  not  tell  llie  full  e«ntral> 
station  story,  as  during  the  same  year  there  were  252  electric 
railways  doing  a  ecnlral-siaiion  bnsiness:  nor.  of  course,  arc  any 
■lata  presented  ftx>m  the  50.000  isolated  plants — more  or  less — 
that  exist  all  over  the  country.  The  current  output  for  tlie  y«ar 
w.as  estimated  and  rctnrnccl  at  2.507,051.115  k\v-hours.  or  alwuit 
35  per  cent  of  the  possible  \vork  tliat  the  stations  could  do  in 
24  hours  of  daily  operation.  There  were  385,698  arc  lamps 
operated  and  i8,i94ja44  incandesce nts.  Tlicrc  were  reported 
99.103  stationary  [Knvvr  motor!,  on  the  cireuiti*,  with  a  eajiacity 
of  619.383  horse-power:  and  3379  trolley  cars  were  supplied 
with  current.  Of  the  street  railway  companies  in  the  lighting 
field,  as  shown  by  the  Census  report  on  the  street  railways.  1 18 
made  report*  tliat  were  kept  scpar.itc,  although  252  such  com- 
panies generate*!  current  for  light  and  power,  with  a  total  income 
from  it  of  $7,703,574.  They  had  SiM(^s  arcs;  1442.685  incaii- 
desccnts  and  I0A19  nwitors  of  35,688  horse-|K)wer. 

It  is  interesting  lo  note  that  all  the  street  raUways  of  the 
counirv  had  jusi  alwuit  1,300.000  liorw-iHuvcr  in  engine  and 
water-wheel  eajMcily.  The  lighting  plants  had  juat  about 
1.750.000  horse-power.  The  output  for  the  street  railways  was 
retiirne<i  at  2.261 .4»4.397  kw  -hours  for  the  >  ear.  or  6.249,910  per 
day:  so  that  while  the  output  of  the  lighting  plants  was  a  (guar- 
tcr  million  kilowatts  larger  daily,  the  plants  ran  fewer  hours.  This 
is  quite  in  accordance  with  observalinn.  The  dynamo  capacity  of 
the  sireet  railways  was  1.304.338  horse-power,  while  the  dvnamo 
capacity  of  the  lighting  plnnl*  was  1.615,480  horse-power.  Re- 
ducing this  to  kilowatts,  it  would  appear  thai  the  capacity  of  the 
rni1way$  was  in  full  use  nearly  eight  hours  daily,  while  the 
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c-ljiacity  of  tlic  lighting;  plains  \va»  in  use  abuut  six  lioiirs  daily. 
The  railway  fibres  an-  a  little  later  than  those  of  tlic  liglttini; 
^tniitti.  hill  they  all  ovrrla[>  Mifficiciitly  to  permit  this  interesting 
comparison. 

C0MIITIIIN8  .MIIMJAD 

-Last  )car  I  pave  sonic  fifjiTcs  froni  varioii-i  countries  abroad 
as  a  gauge  of  uur  own  prosrvss,  aside  fmin  their  ilin-ci  inu-n-si. 
I  irust  the  time  will  mioii  come  wlieii.  either  through  the  worii 
of  ^ovcnim filial  census  bureaus  or  of  kindred  bodies,  this  as- 
sociation may  lif  able  to  imdi-riake  llie  valuable  ta>l<  of  com- 
luring  the  ekclric-Iight  statistics  of  the  whole  world,  SucU 
figures  would  be  at  imcc  iiisiruciivc  and  *limnlating,  ami  tuit  al- 
topcthcr  sti  tlaticriiiji  to  our  national  pride  as  a  superficial  cxami- 
iiaiion  might  indicate. 

Perliaps  KuRland  sliould  receive  our  first  attention,  and  the 
figures  there  are  prcsmted  in  the  recent  inaugural  ad<ire**  of 
President  R,  K.  Gray,  of  ihc  British  Institution  of  Electrical 
Kufiinccrs.  lie  pointed  oin  that  two-thinN  of  all  the  electric 
lighting  in  the  I'nited  Kingdom  is  in  municipal  plants  and  only 
bnc-thini  in  the  plants  of  private  companies.  In  fact,  if  Lomlon. 
the  main  home  of  the  cninpa.iiics.  be  excluded  from  consideration, 
nearly  seven -eighths  of  the  ligliling  is  in  the  hands  uf  mnniripali- 
tic*.  In  the  I'nited  States  mily  about  five  per  cent  of  the  lighting  is 
municipal.  The  average  rated  c:i|)acity  of  a  Hritish  station  is 
alujiU  1400  kilowatts,  while  that  of  the  L'nitcd  States  is  only 
340  kilowatts.  The  total  rated  station  cajKicity  in  Great  Britain 
is.  however,  given  only  as  480,000  kilowatts,  while  in  the  L'nitcd 
States  the  total  in  Jnnc.  K)Oi.  was  1 .200,000  kw  fur  U-ss  tlian  4000 
plants  a»  cxmiiared  with  les-s  than  400  British,  t'ousequently  while 
tile  average  British  station  is  four  times  as  large  as  a  United 
Stales  station,  the  I'nited  States  lighting  i*  nearly  three  times 
as  large  as  the  British.  .\  noticeable  feature  mentioned  in  the 
a.lilress  is  that  while  candle-powers  of  tamps  are  les*  in  liritaill 
than  with  us.  so  that  the  standard  is  the  8-cp  lamp,  yet  the  dis- 
tributing pressures  are  generally  higher,  and  joo-volt  lamps  are 
inm-h  more  conmton.  In  th's  country  the  large  stations,  which 
began  o|>crations  uj>on  1 10-volt  lam[»  with  the  ihree-wire  system, 
have  uol  generally  judged  it  to  their  advantage  to  change  to 
2ao-voti  pressures.  Nernst  lamps  are  si>oken  of  as  a  factor  in 
British  cleelric  lighting,  and  also  osmium  lamps,  which  latter 


are  still  curiotiticii  iii  this  country.  T>in'  arc  OcHcnhc-d  as  liaving, 
in  35  and  30-volt  pressures,  an  eftic-ieiicy  of  two-thirds  candle 
per  wait  and  as  showing;  but  Itttle  diminution  in  light  or 
efficiency  after  800  or  tooo  hours  of  httrning.  Motors  are 
gaining  ground  in  England,  and.  exclusive  of  power  or  irans- 
ntitting  companie^i.  the  puhlic  supply  stations  had  motors  of 
an  a^regate  capacity  of  55.000  horse-power  connected  to  their 
mains. 

As  to  Germany,  the  latest  autlicntic  statistics  are  about  a 
year  old.  but  this  is  a  normal  interval,  In  April.  1903.  no  fewer 
than  971  stations  were  reported.  There  were  50  plants  that  had 
a  capacity  above  2000  kilowatts.  The  highest  ca|iaeily.  namely, 
2'>.523  kilowatt*,  was  that  of  the  Moabit  station,  nf  Iterlin,  The 
total  capacity  of  these  50  stations,  situated  in  37  cities,  was  271 .479 
kilowatts.  Tlic  total  niimlicr  of  plants  reporting  was  939  (against 
870  in  1902).  to  which  there  were  connected  5.050.584  (against 
4.200.J03  in  I90J)  incandescent  lamps  of  50  watts,  93415 
(against  84.S91  in  1902 1  arc  lamps  of  10  amperes,  and  motors 
of  an  aggregate  capacity  of  218.953  horse-power  (against  I93/)S9 
h(irse-ix>wer  in  1902).  There  were  a  niunbcr  of  stations  that  sup- 
plied current,  not  to  a  single  tuwn.  but  to  a  numl>er  of  towns. 
Tor  instance,  the  Rrtiehl  station  supplied  (](>  towns,  at  a  distance 
of  9  to  ij  miles,  with  current  for  light  and  jxjwer.  The  whole 
industrial  district  of  upi>cr  Silesia  was  supplied  from  a  single 
plant,  while  the  water-power  plant  at  the  Rhine  falls  supjilied  46 
t'lwns.  In  the  industrial  districts  near  the  Rhine,  there  were  a 
number  of  smaller  stations  that  supplied  current  for  power,  not* 
inereh'  for  fuclories,  but  in  houses  and  small  shops.  For  instance, 
the  station  of  Anrath.  near  Crefnld,  supplieil  current  In  motors, 
each  of  nol  more  than  a  tjuartcr  <ir  a  half  horse-power,  used  for 
silk  manufacture  in  houses.  The  following  figures  are  taken  from 
the  summary  of  the  939  stations.  Tlicrc  were  7f"/>  stations  with 
257,243  kilowatts,  using  dirM't  mrrent;  45  stations  with  30.550 
kilowatts,  using  sing^le  or  two-phase  alternating  current :  59 
stations  with  9'^.3^$  kilowatts,  using  threo-[>hase  current ;  two 
stations  of  970  kilowatts  with  monocyclic  systems,  while  (17 
stations  used  a  mixed  s^-siem.  Of  the  latter.  55  stations  with 
102,470  kilowatts  used  a  combined  ihrce-phasc  and  direct -current 
system,  while  12  station*  willi  S041  kil<>watl:«  u*ed  a  ombtned 
single-phase  and  direct -current  system.     The  9.v>  stations  were 
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sitiiatcci  in  i)o6  eitim;  552  lUtions  vvitti  3lf>.235  kilowatts  used 
Meani-powtT.  98  stations  with  24.851  kilowatts  used  water-power, 
ami  61  ^ationf  with  6378  ki]owatt<-  hail  ga.i  enginea.  in  one 
Matton.  with  220  kilowatts.  uitiiJ-powcr  was  uiilizcd:  196  stations 
with  41.861  kilowatts  used  both  hydraulic  and  8teaiii']K>wer.  Of 
ihv  939  stations.  339  had  a  total  capacity  up  to  loo  kilowatts, 
422  stations  a  total  i-a|uicity  hctwccii  101  and  500  kilowail>,  90 
Iwtween  501  and  1000.  39  hclween  loot  and  2000.  30  hetwoen 
2001  and  5000  kilowatts,  and  19  more  than  5000  kilowatts.  Tliere 
were  in  use  203.758  i-lcclrititj-  nivtcTS. 

It  may  be  pointed  out  as  suggestive,  to  say  the  least,  that 
while  we.  ii*e<l  30.(X>o  kilowatts  of  storage  liatterics.  the  Germans 
used  87.000  kilowatts;  thai  they  had  (>378  kiloaalts  ca)>aciiy  with 
gas  engines,  ur  six  times  as  much  as  in  the  L'nitcd  Slates ;  and 
that  the)-  had  203.758  service  iiiclcrs  conipnrcd  with  our  582,689. 
although  our  lmsim'»s  is  nearly  four  times  as  large  as  theirs,  The 
(Jemiau  plants,  like  ilic  Kuj^hsh.  also  averaged  larger  than  ours, 
namely.  420  kilowatts  against  34a. 

A  third  country  to  serve  as  a  gauge  is  Spain,  which,  hade- 
ward  as  some  ]>eople  think  it,  sliuws  up  quite  favoraMy  from  an 
electrical  stamlpoim.  In  recent  years,  electric  light  has  come  into 
very  extensive  use,  not  only  in  the  houses  of  the  more  prosperous 
classes,  but  i|uitc  generally  throughout  the  towns,  nierc  were 
installed  (1575  kilowatts  in  1880,  12.762  in  1890.  78,475  kilo- 
watts in  1901,  and  in  1903  about  100.000  kilowatts.  This  repre- 
sents live  walls  |>er  inhabitant.  In  Genuany  438,772  kilowatts 
were  installed  in  1902:  thai  is,  7.5  watts  per  inhabitant.  This 
eotnparcs  with  alH^ut  12  watis  per  bead  iu  lingland  in  1902-3 
and  16  watts  jwr  head  iu  tlic  L'niied  States  in  njoj.  There  are 
ainui  1000  central  stations  in  S|»ain.  awl  the  development  of 
electric  lighting  has  been  especially  rapid  in  .Madrid  and  Barce- 
lona, In  the  larger  cities  the  three-wire,  direct-current  system  is 
mainly  used  with  220  volts  iK-lween  the  outers,  sonic  plants  using, 
however,  alleniating  current.  In  Madrid,  16.600  kilowatts  of 
machines  ami  17.700  kilowatts  of  storage  lialteries  were  insialled. 
so  that  M)  watts  were  installed  per  inhabitant  1  against  48  watts 
[wr  inhabitant  in  Berlin).  Since  1890  the  developmenl  of  water- 
power  has  steadily  increased,  alternating  current  being  mostly 
generated  and  transtnittetl  t"  a  number  <)f  dirtereni  towns.  Thft 
profits  of  the  electric  stations  are  high,  a  rlividcnd  of  jo  or  35 
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per  ccni  being  notliii)g  unmual.  Tlie  methotb  of  house  wiring 
arf  very  cTiide.  Some  higlvtcnsion  transmission  plants  have 
recently  been  erected.    Tlie  financial  returns  are  to  be  envied. 


OTHER  roRI':tc:\-  a)MPARI!iONS 

Anticipating  to  some  exu-nt  other  portions  of  this  report, 
note  may  he  made  here  of  the  interesting  observations  on  Euro- 
pean cirtirhtiiins  presenltd  last  September  before  the  Association 
of  Edison  lUuniinating  Companies  by  Mr.  Artliur  Williams. 
In  regard  to  London,  be  remarked  that  as  to  arc  lighting  the 
prices  paid  by  the  municipality  vary  from  $iio  to  $150  nnnually 
for  an  arc  lamp  of  atxiut  the  same  size  as  uur  lamp  rated  at 
3oot>-cp.  The  practice  is  to  place  the  lamps  much  nearer  to- 
gether, in  many  instances  averaging  not  more  than  100  feet  apart. 
The  city  furnishes  the  posts  and  shades ;  the  companies  provide 
all  else,  giving  the  lamps  the  usual  attention,  Inclosed-are  lamps 
have  made  ver>'  little  headway;  and  for  ihe  most  part  they 
have  not  given  satisfaction  to  the  users.  The  reason  the  RngHsli 
engineers  adhere  so  devotedly  to  the  open-arc  lamps  is  that  in 
London  and  other  Knglish  and  European  cities  the  ])rice  of  labor 
and  carljons  is  low.  while  the  cost  of  current  is  liigh — the  reverse 
being  true  in  our  .Vmcrican  cities,  llicre  arc  36  com|>anies  or 
vestries  in  London  operating  electric  lighting  plants.  Tlie  ag- 
Jl^gate  of  the  installations  was  hardly  mnrc  ihati  3000  horse- 
power, and  the  arc  lani)is  were  something  less  than  that  number. 
It  appears  tliat  13  of  the  companies  or  vestries  use  Wright  de- 
mand meters,  not  exclnsively,  but  in  conjunction  with  their  rales. 
The  companies  using  these  meters  control  ahotit  45  per  cent  of 
the  total  installation. 

A  novel  kind  of  rate  was  that  adopte<l  by  the  St.  James 
and  Pall  Mall  ' (.'ompany.  in  Londnri,  for  long-hour,  Uitually 
"hidden"  lighting.  By  hidden  is  meant  the  lighting  of  hotel, 
a|>arlmenl-hou5c  and  club  cellars,  kitchens  and  servants'  quarters, 
siiups  below  the  sidewalk  level,  b■■lsefnent^  and  the  public-comfort 
conveniences,  which  the  city  of  London  has  liberally  provided  at 
the  large  inierseciions.  The  retail  rates  nf  this  ci>mi>any  were 
12  cents  a  kw-hour  for  the  first  4000  kw-hours  of  annual  use  and 
eight  CMit-s  for  all  over,  with  a  discount  of  eight  |)er  cent  on  all 
bills  paid  quickly — say  within  jo  days.  To  meet  the  competition 
of  gas  in   the   places  mentioned,  the  company  adopted  a  new 
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schvilulc,  iimk'r  which  all  "below  direct  level"  liclilin^  is  sii])plic«l 
al  exactly  half  tlio  usual  rates.  That  is  to  say.  the  tirsl  4000 
kw-hours  arc  cliarjjeO  for  at  mx  cents,  iimtead  of  12  cents,  and  the 
ri-inaiiidcr  at  four  tents  ;n§tcail  of  ci^^ht  cvnl^ — aniJ  ihe  aclilitimial 
<liscounl  of  ng\\t  per  cent  h  al»u  allowed.  If  ihe  ooosuiner's 
lircmises  arc  half  aliovc  and  half  below  the  street  level,  he  is  given 
tlie  ImicRt  of  a  liberal  intcrpretaiiiin  of  the  schedule,  and  chart;ct) 
altogether  at  the  low  rates.  Separate  meters  arc  provided  where 
neccsiiary  to  separate  other  parts  nf  ihe  premises  supplied  at  the 
higher  rales.  English,  or  pcrha))s  London,  views  regarding  credit 
are  interesting.  Paynieni  within  ,^0  days  is  considered  cash :  nine 
months  are  nut  unusual.  It  may  be  of  interest  to  know  that  one 
omi|>aiiy  charged  [J  cents  a  kw-hour  for  service  at  100  volts  and 
10  cents  where  taken  at  200  volts. 

In  I'aris,  Mr.  Williams  foiuid  that,  as  in  London,  the  use 
of  arc  lamps  for  street  lighting  had  increiiM'tl,  in  the  last  two 
years,  the  greatest  service  being  in  the  centre  of  the  city.  Open 
tamps  are  u»e<l,  again  hecanse  of  the  low  cost  of  carhons  an<I 
laliiir  and  the  high  cost  of  current.  The  lamps  arc  sjiaced  apart 
an  average  not  e.seeeding  ifXJ  feet:  in  soute  jilaces  the  distances 
are  much  less.  There  seetns  to  be  no  desire  on  the  part  of  the 
<.-ily  officials  to  utilize  the  private-wimlow  lighting  for  the  illumi- 
nation of  the  thoroughfares:  and  ihis  is  well,  for  there  is  little, 
if  any.  display  lighting  of  that  order  that  is  worth  mentioning. 
The  comiKinies  supplying  electric  current  are  limited  in  iheir 
franchise  to  a  ma.-(innini  price  equalling  30  cents  a  kw-hour, 
hut  there  is  no  limitaiiiin  upon  the  e.xlciit  to  whicli  this  price  may- 
lie  reduced.  The  average  )»rice  obtained  is  alwut  ji  cents  a  kw- 
hdur.  Com]>aiii«s  making  eleclrtc  current  inside  Ihe  ciiy'^  walls 
pay  a  tax  of  five  jKrr  cent  on  their  gross  income,  wlnle  those 
that  generate  outside  the  walls,  thus  avoiding^  die  octroi  duty 
|Kiid  tipon  coal  bruttght  within  the  fortifications,  pay  one  jwr  cent 
additional,  or  six  \kt  cent.  The  cost  of  nuinici|>al  arc  lighting, 
where  $u|iplied  by  private  coinpanie».  is  at  the  rate  ul  $^40  an- 
imally,  hut  the  annual  expenditure  is  in  many  cases  lessened 
through  the  di scon nei.t inn  of  the  lamps  al  midniglit  or  shortly 
ihereafter  .-\s  the  companies  are  taxed  upon  their  gross  income, 
this  ligure  is  reduced  five  per  cent  or  six  ])er  cent,  as  the  case 
may  be,  so  that  the  net  cost  is  not  far  from  $22$  a  lamp  ainmally. 
At  the  end  of  1901  the  five  private  c<mipanies  an<t  the  municipal 
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plant  of  l*ari8  tuid  f)8.j67  kilowaits  of  inslailaiion.  (.-quailing 
1.365.340  sixlL-cn-canillv  cquivalcnls.  Tlic  capacity  of  all  tlic 
station*  wa*  38,000  kilowatts,  or  $0  |»er  cent  uf  liie  inslallalions. 
Twcnly-scvcn  million  ilirw  tiun<trL-il  and  Iwcnty-two  t]iou»and 
kw-!)(iiir!i  were  Mild,  ilit  coiifluniptitm  averaging  about  400  hours 
per  unit  of  installation. 

KATIU  UK  tL'KKKXT  COST   AND  CONSTRUCTION 

American  private  companies  will  note  with  interest  the  rates 
(|uolc<]  above  for  i-lcciric  lighting  and  would  bo  glatl  lo  s^nire  ^ucli 
^  l>rii-e:i  for  ibrir  au's.  Une  of  the  best  things  done  by  this  associa- 
tion last  year  was  lo  publish  a  IniUctiti  nf  American  raU-^  for 
lighl  and  |K)w«r.  I  may  cpiote  here  some  of  the  data  for  ref- 
erence, and  for  comparison.  Ucrlin.  for  example,  liaa  this  yvar 
current  at  10  cents  per  unit  for  ligliting  and  for  jxiwer  purposes 
down  to  a  miniimun  of  3.5  cents.  In  thi&  cotnUry  a  most  con- 
s)>icuous  feature  is  the  tendency  to  favor  the  consumer  by  lower 
prices.  The  old  basis  of  .20  cents  i>cr  unit  with  small  discounts, 
or  approximately  one  cent  )>er  lamp-hour,  is  now  sehlom  main- 
tained.  and  when  used  at  all  is  generally  modified  by  discounts  for 
pnmipt  [tajment  large  enough  to  form  a  i>ub:itantial  reduction. 
Common  prices  arc  15.  17  and  18  cents  per  unit,  with  liberal 
discounts.  Many  plants  in  the  ri-gionit  of  cheap  coal  have  come 
to  even  lower  prices,  as  have  water-power  jtlanis  generally,  and 
die  number  of  [daiils  charging  as  low  as  10  cents  [xt  unit  is 
imrprising.  For  power  service,  10  cents  with  large  discounts  is 
rarely  exceeded,  while  many  plants  sell  al  live,  six  and  eight 
cents,  with  ample  discounts  to  the  larger  consumers,  The  lowest 
figure  for  )>ower  noted  is  one  cent  per  unit  fur  consumers  taking 
300  horse-{K)Wcr  or  more,  but  sliding  discounts  bringing  the 
price  down  tn  two  or  three  cents  per  unit  arc  common  in  case 
of  water-power  plants  or  those  in  regions  of  cheap  fuel. 

.Mr.  W,  I-'.  White,  a  well-known  ceiiiral-slalion  manager,  in 
a  recent  comment  »aid  that  "The  licld  for  the  sale  of  electrical 
energy  is  comparatively  unexploitctl.  Its  sale  for  general  power 
puqK>ses  has  only  Iiegun.  In  not  a  single  large  city  of  the  Unitetl 
States  have  the  p<.)ssibililies  of  ihe  industrial  power  business  been 
fully  developed,  much  less  exhausted.  In  many  of  our  best  cities 
to-day  the  gro*s  receipts  from  ihe  sale  of  electrical  cnergj-  for 
all  purposes  do  not  exceed  $1.00  or  $1.50  or  $3jOO  ])er  capita  ]>er 
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annum.  Such  volumes  of  business  can  be  multiplied  threv.  four 
or  five  foU)."  This  is  itmlcniably  true,  ami  i*  a»  KignJIicant  for 
the  manufacturer  of  apparati.i!i  as  for  llic  purveyor  of  current. 
Su  far  as  I  am  actiuainled  u-ith  centra  I  •:^tu(  ion  work  in  our  lai^^ 
cities,  there  is  not  a  company  that  is  free  from  anxiety  as  to  how 
each  summer  it  shall  provi<k-  plant  enougli  >u  carry  lla-  peak  of 
its  load  the  coming  Christmas.  As  to  steady  consumption,  every 
company  lias  its  own  yard-stick  data,  A  recent  analysis  of  the 
output  of  a  company  operatinp  to  plants  sliowr  '  that  with  4<)04 
cuslomerg,  and  214.934  lighlii  eonneelitl.  there  vas  an  average 
current  nscd  of  37.28  kw-hoiirs  per  16-cp  lamp, 

TUE  NEKNET  L.\MI' 
During  the  la«t  year  (he  Nern<t  lamp  appears  tn  have  nufle 
steady  progress  in  a  field  that  was  already  pretty  well  occupied 
by  competitors.  While,  of  course,  there  have  been  some  minor 
improvements  made  in  the  mechanical  details  of  the  lamp  tending 
toward  a  simpler  and  more  rugged  construclicin,  the  conmicrcial 
success  attained  may  !«.•  attributed  largely  to  the  fact  that  the 
local  lighting  interests  of  ilic  country  arc  coming  gradually  tti 
ap|ir<.'ciate  the  inherent  advantages  that  the  lamp  undeniably  has. 
In  its  earlier  history  or  stages,  the  lamp  bail  to  make  its  way  on 
it»  merits  in  a  preempted  domain,  and  thai  it  has  marked  out  its 
own  sphere  of  occupancy  repeats  once  again  the  record  of  every 
new  invention  of  real  utility,  ft  is  worthy  of  note  that  since  1  re* 
jxirted  last,  the  Nernsl  I,amp  (.'ompany  in  this  countn,'.  desiring 
to  eilabli&h  a  closer  relationship*  between  the  manufacturer  and 
nser  and  in  a  measure  control  the  operating  conditions, 
luis  instituted  the  policy  of  utilizing  the  central  station  as 
the  medinni  for  ctTecting  the  sale  of  its  product.  This  policy 
embodied  in  a  "central-station  contract"  is  of  intere&l  and  is  in 
etVecl  in  St.  I^>uis:  Detroit;  .Appleimi.  Wis,:  Racine.  Wis,;  Mil- 
waukee; St,  Paul;  Ihrnvcr;  Madison.  Wis.:  San  Auionio,  Tex,: 
Long  Branch.  K.  J.;  LiiKoln,  \cb.;  llarrisbnrg,  Pa.;  Durham. 
\.  C;  Winsion-.^alnu.  N.  C ;  Waverly.  X.  Y.;  Sayre,  Pa,: 
Lilwrty,  N.  Y. ;  Rcidsville,  N.  C. ;  Hoopeston,  III, :  Sycamore,  111. ; 
y«incy.  111.;  Alliance.  Neb.:  Siiarta.  Wis,:  Hartford.  Conn.: 
L'nionvillc,  Conn.:  Sheboygan,  Wis.;  Ijipeer,  Mich.;  Raleigh, 
X.  C.  As  illustrative  of  its  vogue,  note  may  be  made  of  the 
fact  lliat  the  Ncrnst  lamp  is  to  be  used  for  lighting  the  entire 
fine  arts  exhibit  at  the  St.  Louis  Ex|H>sition. 
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So  much  for  Uic  strictly  coiiinicrcial  as|wcts  of  this  new 
ilUiniinam  in  ilit>  cuuntry.  Abroaid.  llii-  lamp  sccnis  to  have  made 
<.-onsi(I<rrablc:  Iicailuay.  and  the  dircct-currcnl  form  to  be  used  as 
well  as  the  alternating -currt-nc  style  still  iist-d  cxcliisivcly  here. 
Il  is  stated  tliai  those  in  use  in  Buckingham  I'alacc,  a  ruyal  resi- 
dence ill  London,  have  proved  ([iiice  satisfactory,  reducing  the 
current  consimiption  by  ahuut  50  |>er  icnt  according  to  a  paper 
read  before  the  Municipal  [Llcctrical  Assuciation  of  England. 
With  reference  lo  the  experience  of  the  electrical  engineer  at 
Gravesend,  England,  [tie  life  of  such  lamps  was  also  quoted.  He 
installe<I  48  N'ernst  lamps  of  0.5  ampere  in  place  of  incandescent 
gas  burners,  and  the  average  life  at  the  end  of  three  months  was 
960  hours.  The  ()6o  hours  du  not  represent  the  irue  life,  as  ai 
the  expiration  of  ihe  ibrce  months  there  were  48  burners  alive. 
From  a  rejHirt  of  another  engineer,  who  iiistalle*!  three  sets  of 
six  lamps  each,  it  appears  that  the  average  life  of  one  set  was 
Xjrt  hours,  of  another  575  hours,  ami  of  the  third  652  hours, 

Al  the  meeling  of  the  Iowa  Electrical  Association  in  April 
of  this  year,  experiences  with  N'crnst  lamps  were  reponcd  by 
several  members.  Mr.  Gardner,  of  Mounl  N'ernon,  Towa.  reported 
very  satisfactory  results  front  one  year  of  operation.  The  quality 
of  light  made  it  a  good  lamp  in  drygooiU  stores,  and  hi$  inistonien 
liVed  il,  biMh  on  account  of  the  quality  and  the  amount  of  light 
obtained  for  the  money.  The  lamp  required  more  attention  than 
incandescent  lamps.  Mr.  Green  rc|iortc(!  that  his  company  was 
supplying  current  healing  500  and  Too  glowers.  The  mainte- 
nance of  lamps  was  about  ,6  cent  per  kw-liour  supplied  to  the 
lamp.  Mr.  Burt  stated  that  in  a  Catholic  church  three  six- 
glower  lamps  had  been  installed  with  inch  good  r(.>»uhs  that 
ddegation.s  from  other  Catholic  churches  in  the  .slate  had 
come  10  inspect  the  lighting.  He  had  foun<l  the  Kemst 
lamp  a  good  thing  with  which  to  compete  with  the 
gas-arc.  upon  which  the  repairs  were  by  no  means  small. 
Ilis  company,  which  owns  a  ga:t  ])lant.  charged  $i.on  per 
month  maintenance  on  one  Humphrey  gas-arc  installed  for  a 
customer,  and  50  cents  for  each  additional  arc.  Tlie  greatest 
difliadty  ex]HTieiiced  was  the  burning  out  of  the  heater,  usually 
due  to  neglect  on  the  part  of  a  cujtoitier  to  turn  off  the  lamp  when 
the  glowers  were  burned  out.  Mr.  Green  slated  that  he  was  in- 
Aalling  three-glower  N'emM  lamps  to  do  the  same  work  as  four- 
hurncr  Humphrey  gas-arcs. 
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THE  IISMHIM    I.AMl' 

A  great  many  inquiries  have  reaclicil  me  during  the  year  as 
to  the  osmiiiTii'Alament  lamp  and  ils  availability.  So  far  as  I 
know,  none  arc  in  rcRular  use  in  llits  coiiniry.  hut  ilicy  arc  ol>- 
tainable  and  in  service  al>r»a<l  The  siilijivt  if  certainly  an  in- 
torcstinf;  one.  and  I  have  collated  a  little  data.  As  to  the  manu- 
facture of  ihe  filaments,  il  has  been  fimml  possible  to  proiliico 
suitable  osmium  wires  by  bringing  the  osmium  iu  a  finely-divicleij 
stale.  mixe<l  with  a  carrier  c»r  binder,  into  ihc  form  of  a  wire.  The 
wire  thus  formed  is  treated  in  the  cleciric  furnace  by  heating  it 
by  means  of  the  current  to  a  high  lem]nTatiirc,  ahuvc  that  of  the 
va]K)rization  point  of  platinum.  The  binding  material  i*  thereby 
ileslroyed  and  the  individual  osmium  particles  are  welded  lo- 
Ijctber.  ^^le  beating  of  the  osnnum  wire  must  he  carried  only  to 
a  point  at  which  it  still  remains  finely  porous,  as  dense  wires 
are  liable  tn  break  in  the  lamp.  T\\c  manufacture  (if  a  filament 
consisting  of  an  osmium-platinum  alloy  is  carried  out  by  heatinj^ 
a  ihin  platinum  wire  by  tlie  current  in  a  reducing  atmosphere, 
whicli  must  contain  liydrocarlM.m*.  a  considerable  amount  of 
water  va|M»r  and  vajiors  of  jwrnsmic  acid.  Metallic  osmium  wilt 
separate  on  the  platinum  wire,  which  is  then  heated  above  the 
vaporizaiion  point  of  the  |)1atinum.  The  residual  filament  is 
an  elastic  tube,  consisting  mainly  of  osmium,  but  still  containing 
some  platinum.  The  manufacture  of  oMuium-carbon  filamentii  i$ 
also  feasible,  and  filaments  including  a  mixture  of  thorium  nr 
zirconium  oxi<le.  In  a  test  ma<li'  by  ihe  Gennan  Reicbsanstall  of 
38-volt  osmium  lamps  during  'ioo  hours,  it  was  found  that  the 
consumplion  of  current  of  the  30  and  35-cp  lamps  was  1,28  am- 
peres, so  that  the  consumption  of  |x)wer  is  143  to  1.58  watis  per 
candle  of  jiveragc  illuminatiou  perpemlicular  to  ihe  axis  of  the 
lamp.  A  considerable  decrease  of  the  candle-power  during  the 
600  hours  was  not  observed.  Other  tests  were  made  by  Wed- 
ding, who  found  that  the  osmium  lamp  when  suspendetl  venic- 
ally  conAumei!  1,4  walls  per  candle  against  2.5  to  3.5  watls  with 
Ihc  carbon-filament  lamp.  The  absolute  life  of  the  tamp  is  far 
Iwyond  1000  hours.  .Mlhutigb  one  lamp  w;i»  clestmycd  after  520 
hours,  the  others  which  were  tested  liad  an  absolute  life  of  more 
ilian  3320  hours.  The  higher  the  candle-iKiwer.  the  longer  the 
absolute  life.  The  "net"  life  of  a  lamp  is  Ihc  time  in  which  the 
candle-i>ower  is  reduced  to  20  i^er  cent  of  ilA  original  value:  none 
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of  tlic  tested  lamps  decreased  ii*  candk-power  lo  sudi  a  degree 
ln-fore  llie  filament  was  destroyed.  This  means  in  practice  a 
considerable  advanta)^e  over  carbon -lilament  lani|>ii.  While  the 
latter  lose  candle-power  on  acconiit  af  tlic  blackcninfj  of  llic  glotie. 
the  osmium  tamps  remain  clear  and  ilccrease  in  candle-power 
much  more  slowly.  An  auxiliary  apparatus  for  imro<!ucinK  (lie 
(isiiiimn  Iaiii|i  lias  hecn  |)Iaccil  on  the  market  nnder  the  name  of 
"divisor."  This  is  a  device  for  dividinj;  ihc  voltage  into  several 
ctiiial  pans,  and  is  to  be  used  where  the  lamps  arc  not  to  lie 
worked  in  series,  hut  indcpciulcnlly  nf  each  oiher.  It  is  a  irans- 
fiiriner  with  a  single  winding,  divided,  for  instance,  in  threr.- 
cipial  ]iaris.  When  its  terminals  are  conneclcil  to  a  voltage 
of  the  network  c(|ual  to  120  volt*,  this  voliage  is  divided  inln 
3  X  40  volts.  This  enables  one  to  supply  three  circuits  of  osmium 
lamps  indqiendenlly  of  one  another.  The  adt'sntages  of  this  de- 
vice over  an  ordinary  transfonncr  arc  higher  efficiency  an«l 
smaller  cost.  The  niannfactnrer  is  making  two  ly\KS  of  thcM' 
devices,  one  for  3x2  aii<t  one  for  j  \  10  laiii|i.<. 

Tile  range  of  voltages  for  which  the  lamps  may  lie  used  has 
recently  been  increased,  and  lamps  for  55  volts  are  now  sup- 
plied by  the  .\usirian  riasgluehliclu  and  Eick.  (Icscllschaft  nf 
Vienna.  From  a  reiwri  of  Weilding  it  ajtpears  that  Iwu  groups, 
each  consisting  of  sis  lamps,  of  37  volts,  were  tested  in  serie* 
across  i^-vull  siiiujIv  mains,  In  one  of  the  groups,  for  the 
first  3132  hours,  the  average  life  of  the  six  lamps  was  2853 
hour*,  ami  the  average  candle-|Mjwer  felt  from  30,1  to  2^.7.  the 
mean  consumption  in  watts  |Kr  caiidle-|)ower  rising  from  1.4*' 
to  1.78,  ,'\fter  520  hours  the  first  lamp  collaiued,  and  after 
3724  anil  3940  hours,  respectively,  two  others  gave  way.  the 
remaining  three  still  burning  alter  39*3  hours.  For  ihc  sei-ond 
group,  which  consisted  of  six  25-cp  lamps,  the  average  life  uas 
I4"y  hours,  the  candle-power  dropjjing  in  2198  hours  froiu  25.1 
to  19.9  and  the  energy  oonsunipiinn  increasing  from  1.37  to  1,75 
watts  per  candlciKiwer.  The  filament  of  the  tinnjt^  is  made  up  of 
two  loops,  which  are  held  apart  by  insulating  stays  or  anchors 
attached  to  the  interior  of  the  gta^s  bulb.  The  use  of  the  tamp 
in  trail!  lighting  is  also  to  Ite  noted,  namely,  on  the  Marienburg- 
Ikllawka  Railroad  in  (iermany.  in  place  of  carbon-lilamcnt  lamps. 
The  current  is  deriveil  from  storage  batteries  carried  on  the 
train.    As  the  incandescent  carbon  lamps  formerly  used  were 


iS 


noi  very  durabk-  ;ind  showcil  a  iliminiiuciii  of  their  lighting  power 
towar*!  the  end  of  their  life,  usiiuuiii  laiti|is  were  siihMituted  at 
tile  l»c)fiiining  (if  Angiist,  1902.  They  pave  10  candle-power 
ai  lO  volts,  atui  the  calculated  energy  consimi]>timi  wa*  1.5  v/atts 
per  eaii<tle-pywer.  The  storage  batteries  thcii  required  recharging 
after  7^  hours,  whereas  wiili  the  i)lil  laiTip"  ihcy  had  tn  he  re- 
charged after  32  hours,  the  final  voltage  being  in  tx)th  eases  the 
same.  After  burning  750  hours,  no  diminution  in  the  li^I 
coidd  I»c  ohstTved  in  the  ostniuni  tumps,  ilie  hulhs  of  wliicli  Wept 
perfectly  clear  «hile  those  of  the  carbon  lanips  had  blackened. 
The  vibration  of  the  trains  docs  not  affect  the  lamps.  For  the 
onlinary  incandescent  lamp,  with  an  average  life  of  from  300 
to  400  hours.  22.5  cents  were  paid:  for  the  osniium  lamp,  with 
an  average  life  of  1000  hoars,  the  coHt.  it  is  stated,  wa»  $1.19; 
tile  cost  for  depreciation  was.  therefore,  a.036  cent  for  the  old 
lamp  and  1. 119  cents  for  the  osmiuni  lamp. 

It  would  appear  that  the  European  commercial  lamps  arc 
sold  for  16  volts  at  10  and  16  candles.  25  to  30  volts  at  25  can- 
dles. 27.5  volts  at  if>  and  2$  candles.  32  to  44  volts  at  25  to 
32  candles.  The  supply  of  osmium  is  small,  and  the  price  of 
ihe  lamp  is.  therefore,  high,  namely.  $1,25;  ty  cents  are  given 
liack  if  the  bunied-out  but  unopened  lamp  is  returned  within 
18  months.  The  filament  of  such  a  lamp  can  be  treated  ami 
used  again. 

Some  nkwo  i.ami-« 

One  of  the  promised  noveltiex  is  a  new  direct-current  arc 
lamp  in  the  liands  of  the  licncral  Klectric  tVimpany.  alwut  which 
ni»l  many  details  have  yi-i  been  given  oiU.  li  is  known  as  the 
"Magnctilc"  lamp.  The  negative  electrode  in  the  lamp  is  a  stick 
of  niagiieiite,  while  the  jMisitive  electrode  is  a  copper  blwk,  which 
is  practically  without  wear.  The  slick  of  magnetite  is  five- 
etghths  inch  in  diameter  and  eight  inches  in  length,  and  lnirii« 
for  150  hours  without  the  necessity  of  an  inner  n'olje.  as  in  the 
inclosed  arc.  The  production  of  light  for  300  watts  is  put  down 
as  «iual  to  thai  of  the  ordinary  arc  at  45a  watts.  The  lamp 
would  appear  to  have  advantages  for  street  work,  but  is  apimrentty 
not  adapted  for  indoor  service,  on  account  of  the  smoky  deposit. 

[n  connection  with  this  lamp  Mr.  Charles  B.  Steinmetx.  who 
has  been  giving  s|H'cial  nlteiilion  ti'  tlie  siibjeet.  .<ays:  "In  tlic 
ease  of  the  maKiiclite  arc  lamp  only  the  negative  or  lower  clcc^ 
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irode  coiisisM  of  magnditf,  and  is  oonsumctl.  The  |>wiiirc  K-r* 
iiiinal  lA  not  rcplacecl.  but  in  a  copper  sc^iu-iit.  wlikh  aiiislitiilr^ 
a  ixmiiaticiil  p»rt  of  (lie  laiiip.  The  metals  uf  the  iron  group 
yicl<l  a  brilliant  arc  Damv  oi  very  high  enicieiicv  an<l  while  color. 
To  K'vc  a  loiiR  life  the  nietab  which  arc  conilmstiMe  arc  not  well 
suited,  but  a  stable  oxiile  of  these  nietals  must  lie  used;  that  is. 
a  coiu]Kniml  which  can  not  biirn.aiiy  more.  AMioiigi^l  the  con- 
ducting oxides,  iiiagnelite  fulfills  l>e»t  the  ropiireiiiem*  of  a  car- 
rier of  the  arc  llai)>e.  since  it  is  well  condtidinR.  stable  at  all 
icmperaUircs,  very  pleiitifiit  iti  nature,  and  gives  a  white  are 
of  high  efficiency.  Pure  magitctile.  however,  is  not  quile  salis- 
factorj".  since  its  efhcieiicy  is  not  very  high,  hardly  twice  as  high 
as  ihat  of  the  ordinary  carimn  arc:  and  the  arc  tend*  to  dicker 
and  the  rate  of  consiiniptioi)  of  die  electrode  is  rather  hiph:  as 
high  as  one-eighth  inch  |>cr  hour.  This,  while  very  much  lower 
than  the  rate  of  c*>iisuinptii>n  of  llaine  carl>oiis.  of  one  nich  to 
two  inches  per  hour,  woulii  still  nive  only  50  In  fw  hours'  life 
with  the  >taudard  size  of  electrod*  ado|)ted  for  the  tnagnelite 
arc  lamp,  of  eight  inches  length,  nicrefore.  with  the  magnetite 
as  carrier  of  the  arc  flame  are  inairpnrated  other  substances  in 
small  rjuanttiies  as  arc-sleadying  com|>ouiidft — tiianium  eoni- 
;>oun<ls  for  increasing  the  efficiency,  etc. 

"In  the  nianitfaciiirc  of  these  magnetite  arc  clecirodes,  h\\ 
partially  reducing  the  material  to  mcul.  a  greater  density  is  pro- 
ducerl  and  so  a  greater  amount  of  material  with  the  same  size 
of  electrode,  which  gives  a  longer  life.  Such  partial  reduction, 
however,  lias  the  disailvantage  that  when  not  carried  far  enough 
it  leaves  the  electrode  jwnnis  and  of  relatiwiy  sbnrt  life,  while 
when  carried  too  far.  the  lijiht  lends  in  iinslcadincss.  tnnis  fai-il 
;ind  hlne  wlunever  the  arc  strikes  metal,  .iiid  in  this  case  scintil- 
lating sparks  are  thrown  r>fr.  which  may  crack  the  outer  lamp 
irlobe.  .A  much  better  method  of  producing  electrodes  was  found 
by  not  re<iucing  the  material,  but  adding  a  restrainer:  that  is, 
a  substance  which  added  to  the  electrode  material  in  Muall  iptan- 
lities  reduces  the  rate  of  consumption.  Hereby,  without  any 
loss  of  efficiency,  rates  of  nmsumption  i^f  jo  to  30  hours  per 
inch  are  produced,  which  (jive  a  life  of  tjo  to  200  hours  for  the 
eight-inch  electrode.  With  very  little  *acrifice  of  efficiency  a 
life  of  500  to  fino  hours  is  prodnei'd,  and  such  an  electro<ie  Ins 
alxmt  the  same  life  as  an  incandescent  lamp:  tliat  is.  the  arc 


laiit])  requires  irimmiiig  ;il>out  as  uftvii  a»  an  mc-fttidescciit  lamp 
rci|uircs  renewal.  This  latlcr  featiirc,  howcvtr.  while  olmoiisly 
vaitia1>k-  in  cascrs  wliirc  tnniiDtn};  if  diBicull,  as  with  )aiii|>&  in 
iiUK'CL-siiibk  i>l:u.'(.-s  or  duriiijj:  iirolraticd  strikes,  elc  for  f^cncral 
itluiiiinatioii  is  hardly  needed,  since  it  would  in  street  liglitine 
yive  a  life  uf  iwo  ni<iiitlis:  and  a  street  lamp  shoidd  he  lookc»l 
after  uileiier  than  this. 

"A  simple  and  ■iaiisfactnry  form  is  an  electrode  in  which 
the  material  is  Lunipressed  as  impalpable  jwwder  in  a  thin  iron 
IuIk,  witiell  i»  then  Mailed  over  hy  the  are.  In  the  earlwii  aic 
lamp  the  liphi  eomes  trom  the-  incandescent  crater  of  the  positive 
c.irlmn  and  mrt  from  iIk  arc  llaine.  Hence,  the  arc  lenjith* 
sIiMtdd  lie  made  as  short  a.'*  jmssihlc  without  obstructing  Ihc 
eicaiHT  of  litrht  from  ihc  crater.  In  ihe  maj^ictite  arc.  however, 
no  light  isMic*  fnmi  the  U-niiin:ds,  bni  all  ihe  light  comes  from 
tilt  arc  tianie.  and  an  arc  IciiRth  from  ihree- fourths  to  one  and 
*ine-cijihtb  inclu-s  is.  thert-forc.  nmst  efficient.  I''nnlK'nni>re,  to 
pive  a  constant  volnmc  of  lij;!il  the  arc  leugilis  shuidd  be  con- 
stant. This  leads  to  a  feeding  mechanism  dilTering  from  the 
"rtitating  system"  of  the  carl>on  arc  lamp  and  nnich  simpler; 
that  is,  a  fecdini;  flevicc  mainlainiiiR:  cnnstant  ure  length.  Tfte 
■t|ieration  of  ihe  magnetite  arc  lamp  i',  therefore,  as  follows: 
When  the  powrt  is  pm  on  the  lamp,  the  arc  is  .tlriick  In  ^eparat- 
ing  the  electrodes  to  a  definite  distance,  say  sevcn-cigliths  inch, 
and  iben  the  electrodes  are  1'X'ked  in  this  position  and  n-miiin 
fixed  until  after  some  hours  or  so,  l>y  the  consumption  of  the 
negatii-e  electnide.  the  arc  length  and  thereby  the  arc  voltage 
has  inereaserl  snfficicnlly  lo  operate  the  feeding  mechanism  which 
^e^et8  the  arc  to  its  oni^'inal  leiigib." 

IX-tails  were  niaile  public  last  year  in  Trance  of  tests  of  a 
new  type  of  arc  lamp,  like  the  Rremer.  and  of  the  mdhofl 
e!abi.>rau-(l  by  Hlondel  of  arranging  and  treating  the 
carbons.  The  carbons  are  conslruetcd  in  several  zones 
or  layers,  and  the  mineral  admixtures,  which  are  fusi- 
Me  salts  ehoscn  for  their  luminous  capacity,  are  im-"r[«>- 
rated  in  i-onsideral»le  proportions  with  the  carbon  in  the 
inner  »iiie«,  The  outer  zone  is  formcil  of  pure  carbcm.  and  it 
is  stated  that  it  protects  the  car()on,>  against  lateral  comhiislion. 
and  also  gives  them  the  necessary  conductivity.  The  arrange- 
ment of  the  eletlrodes  is  such  that  a  very  highly  niineraliwd 
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carbon  is  |>lacc(l  liclow  anotlicr  Ica^  mineral  iznl.  lliua  pTuducing 
tliv  rcftitlt  lli»l  ilic  arc  lictwccn  tli«  (wn  is  constanlly  sittistcd  Ixlow, 
anil  in  ihc  axis  of  a  disc  of  refractory  material.  The  latter  disc 
>^rvt*  as  reflector  and  al*o  to  iirevcnt  llio  arc  from  climbing 
lip  on  the  upper  electrode.  'Ilie  table  shows  that  a  lamp  of 
.13  amperes  gives  1.5  limes  more  lighi  than  a  ro-umiiere  lamp 
.if  the  old  siyle  and  6.5  times  nwn  than  a  j.j-ampcre  old-style 
lamp. 

At  a  recent  meeting;  o/.tlie  Vienna.  Austria.  Electrical  Society 
there  was  exhibited  a  new  incandescent  lamp  patented  I)y  Just, 
which  is  claimed  tn  rqiresent  an  e:<ceedingly  iniiwrtant  progress 
in  electric  lif^htinj;.  since  the  lamp  is  (o  use  only  half  the  current 
per  candle  required  by  the  carbon-li  lament  lamp.  Such  lamp« 
liave  been  built  for  .^o  candles  and  1  lo  volts  tn  two  wait.*  jht 
tanille.  Two  fitch  lamp*  of  jo  candles  were  exhibited  by  ilie 
ipeaker.  Tlie  commercial  manufacture  of  the  new  tamp. "  ihe  fila- 
ment* of  which  are  treated  with  an  addition  of  boronnilride."  is 
said  lo  he  neither  more  ilifficnll  nor  more  expensive  than  that 
of  carbon-filament  incandescent  lamps.  To  a  question  whether 
lamps  for  I't  candles  and  1 10  vnhs  have  been  made,  it  was  said 
thai  the  mamifaclurers  have  not  yet  succeeded  in  building  this 
normal  l^-pc.  bin  they  hope  to  In-  able  to  do  so  in  Ihc  near  future. 
The  manu f;u-hire  -tf  [T.-candlc  lamps  for  voltage  up  to  50  volts 
is,  however,  already  possible. 

TIIK    IXC*.\\DBSfEXr-L.\«V   IXRUSTRV 

It  is  only  fitting  that  this  re|>OTt  •  should  mention  the  com- 
memoration this  year  of  llic  tweniy-rifth  anniversary  of  incan- 
descent lightin;;  in  .\nierica,  and  the  foundation  of  the  Edison 
medal,  to  celebrate  the  tvnit.  in  the  American  Institute  of  Elec- 
trical Engineers.  This  meilal  is  to  be  awarded  annually  to  the 
vludenl  producing  the  best  thesis  or  record  of  original  search, 
in  our  colleges,  and  a  fund  of  over  $7txxi  was  readily  rai.ied 
from  among  Mr.  Edison's  associates,  friends  and  admirers.  Tlie 
banquet  in  New  York  lasi  b'ebruary  to  celebrate  ihe  occasion  was 
•  'lie  nf  ilie  most  notable  electrical  events  of  ihe  kind.  In  speaking 
of  the  growth  of  iht-  industry.  Mr.  Kdisun  said  recently  thai  the 
production  in  this  coumrj-  of  incan<lescent  lamps  had  reached  a 
total  of  atKHil  23O/KXJ.0OO,  or  io,ocy>.ooo  annually  since  1879, 
The  present  American  consumption,  it  may  be  added,  is  about 
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45,000,000,  and  the  iiroductivc  capacity  of  cxi&ling  factories  is 
aboui  65^000,000.  Ak  to  the  technical  ami  commiTcIal  progress 
in  the  period.  Mr.  John  W-  HowcU  says:  "T\v:  exhaustion  of 
lamps  by  mercury  piimjis  nitiiiired  from  four  to  six  hours  in  1881 . 
Improvcmciiis  in  pumps  aiul  methods  reduced  this  to  one-half 
tiour  in  1895.  Since  then,  l>y  *iniple  piston  pump  and  'clK'micAl 
cxhau&t,'  a  nnieh  better  result  is  produced  in  one  minute.  The 
cost  uf  exhansiing  3  tamp  a.t  the  end  of  i88j  was  considenthly 
greater  than  the  total  cost  of  a  lamp  at  the  present  time.  .VII 
the  glass-work  in  g  operations  have  been  changed  from  hand 
work  by  '{{lass  blowers*  to  machine  work  by  unskilled  labor,  The 
labor  cost  of  (he  principal  glass  operations  is  now  a  little  more 
tlian  10  per  cent  of  the  cost  in  1883.  L'ntil  1894.  Edison  fila- 
ments were  made  from  a  bambnn  piece  passiiig  ihrough  eighl  sepa- 
rate han<l  o]>cratioTis.  \ow  squirted  cellulose  is  used.  In  this 
department  wc  now  employ  83  operators.  1  f  we  should  go  bade 
to  bamlxN)  fibre  wc  should  require  over  2150  operators  fur  the 
same  production.  The  cost  of  photometric  measurements  is  now 
nine  per  cent  of  the  co»t  in  1882.  with  a  great  gain  in  accuracy. 
The  lamp  in  1880  contained  at  least  30  limes  as  much  platinum  as 
the  lamp  of  the  present  djiy.  The  amount  and  cost  i^f  glas.s  and 
other  materials  used  have  also  been  greatly  reduced.  The 
lamps  made  at  Menio  Park  for  tbe  .iteamship  Columbut  in  18S0 
consumed  about  too  watts  for  16  candles.  To-day  the  stand- 
ard  16-cp  Limp  cim-tumes  50  wans.  The  useful  life  of  a  50- 
watt  lamp  (o-day  is  undoubtedly  longer  ihan  was  the  useful 
life  of  the  toowatt  lamps  of  iRSo.  and  while  wc  have  no  data 
for  a  correct  comjarison  showing  the  improvemenl  I  hat  has  taken 
place,  wc  can  get  a  good  idea  of  it  from  Ihc  fact  that  the 
estimated  useful  life  of  a  loo-walt,  16-cp  lanip  made  to-day  is 
over  10.000  hours,  which  is  about  as  many  limes  the  pn>bahle 
useful  life  of  the  1880  lamp  as  llie  nunilwr  of  elapsed  years." 


a>MrAHiS(ixs  WITH  r.AS 
A  report  was  made  recently  of  the  public  lighting  done  for 
the  city  of  Westminster,  London.  ICngland.  Il  includes  tests 
of  the  various  illuminants  there  use<l.  both  as  to  their  actual  can- 
dle-jxiwer  and  iheir  cost,  and  embraces  arc  lamps  and  various 
forms  of  gas  burners,  ranging  from  mantle  burner*  worked  under 
high  pressure  down  to  common  flat-Hame  burners  of  the  type 
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t^-iivrally  (titicarilcd  in  this  coiinlry.  The-  report  containing  tlii* 
'lata  is  tli<-  fifth  quarii-rly  rqurt  on  tlir  Ktibjcct,  so  that  the  public 
Ii);;htin|f  may  fairly  be  said  to  Ik  under  systematic  test.  The 
costs  arc  reduced  to  a  can  die-power- year  basis  an<I  range  froai 
t2.(>  cents  per  candlc-ycar  for  the  flat-flame  Ras  burners  down  to 
t8.8  cents  for  l!ic  best  arcs  ami  18.J4  cent*  for  the  intensive 
tnaiule  burners.  Perhaps  the  most  striking  fact  brought  otit  is 
the  relatively  uncconomii-al  result  attainud  by  ibe  ordinary  mantle 
burners.  Tbe  cost  per  candlc-ycar  fur  tlic<<'  lamps  was  jnst 
about  34  cents,  or.  roughly.  50  per  cent  more  than  the  averajtc 
cost  with  arc  lamps.  This  increase  seems  to  he  mainly  due  to 
the  high  cosi  of  maintenance,  which  amounted  to  between  $5.00 
an<l  S6.00  per  year  for  each  burner. 

Krom  (leniiany  comes  a  little  controversial  data  owr  an 
official  rcp<jrt  uf  Sejjgel  and  F,verst>u»cli  concerning  the  best 
liplutng  system  for  the  Havarian  {>iiblic  schools  and  In  favor  of 
incandescent  gas  light.  To  connteraci  thi<.  the  Schuckert  com- 
pany presented  another  report  by  Lehmann-Richter,  giving  the 
results  of  comparative  tests  with  t«o  arc  lamps  or  14  gas  in- 
candescent tamps  in  a  scliool-room.  The  illumination  was  good 
in  Ixnh  cases  and  suflicicntly  uniform.  The  electric  light  did 
not  deteriorate  ibe  air  nor  iiKrease  the  tcmj>craturc  considerably. 
Willi  gas  incanilesceiu  light  ibi-  lemperature  al  the  height  of  tlie 
pupil's  eye  was  increased  in  three  hours  about  six  degrees,  wliile 
ibe  larlxniic-acid  ciinlcnts  of  ihc  air  w  as  iiKTcasc<l  five  times,  Thi* 
is  thought  III  be  more  than  pcnnissilile  for  sanitary  reasons.  The 
cost  of  operation  of  the  Welsbaclj  lights  is  smaller  than  thai  of 
the  arc  light  in  tlie  beginning,  but  after  a  short  use  the  cost  of 
nperation  of  the  VVelsbach  mantles  becomes  as  high  as  that  of 
the  arc  light. 

.\tcording  lo  the  I'nited  States  Census  Office  figures,  the 
electric- lighting  industry  has  already  caught  up  with  itiai  of 
artificial  gas.  and  there  is  no  sign  of  any  slackening  of  pace  so 
far  as  electricity  is  concerned.  As  to  the  status  of  gas.  «iiui* 
suggestive  data  compijed  by  Mr.  Alton  D,  .Adams,  as  lo  Roston, 
will  be  of  interest,  esiweially  as  the  city  where  we  ineel  has  lieen 
so  prominent  as  a  field  of  water-ga»  activity.  Discussing  figures 
that  nerd  noi  he  reproduced  here,  he  says:  "VV'alcr  gas.  starting 
with  only  \2  per  cent  of  the  total  volume  of  gsis  sold  in  Boston 
iti  i8»x>.  iniTeased  rapidly  to  90  per  cent  nf  the  entire  volume  in 
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i(!94-  From  ilic  fiical  year  last  naiiiol  la  t)i3t  of  1899.  inclustvc. 
the  percentage  of  tJic  water  gas  made  to  the  total  produd  sold 
\v35  never  below  90,  aiicl  in  two  iiistanecs  stood  at  97.*  Durin); 
tlieie  five  years  water  gaj^  substantially  displaced  coal  rss  in 
tlic  local  field.  1>ut  not  in  one  of  them  did  its  brilliant  illuitii- 
nating  power  or  allegeil  low  cost  of  ntanufactnre  check  the  cx- 
pansicm  of  electrical  tiiipply.  In  only  Iwn  years  out  of  the  tivc 
\\:tA  the  total  volume  of  gn$  sales  materially  raised,  and  then  the 
increase  was  <luc  to  free  gifts  of  gas  stove*.  These  stoves  ap- 
pear to  have  raised  the  annual  consumption  of  gas  about 
7,^'jyy-9W  '•*'■  wliich  would  leave  tlie  voUmic  of  gas  yearly 
l):inied  for  illuinination  just  al>out  staiiunary  from  1890  to  1899, 
Inclusive.  Now.  a  stationary  consumption  of  gas  for  illumination 
in  the  face  of  an  increasiiiii;  (M>|iulati<>ii  meariK  an  actual  declin 
in  the  use  of  gas  fcr  caj'ita  for  that  purpose.  It  is  highly  prob-' 
able  that  this  is  just  the  situation  which  the  BostOi^  gas  interests 
have  to  face.  Tor  the  dccaile  from  iSijo  to  lyjo  the  increase  of 
]io|>ulatioii  at  Elostoii  was  .25  per  cent.  If  the  hfly-odd  ihousan<l 
gas  stoves  now  used  in  the  city  arc  doing  much  baking,  it  seems 
hanlly  prohable  that  illtmiination  hy  gas  has  kept  pace  with  the 
[Mi|nilalion.  ConKidemiion  of  the  ycitrs  1900  and  1901  ha.t  been 
reserved  until  this  )>oint,  becatisc  tlicy  present  several  new  and 
intercsling  conditions  in  the  gas  and  electric  field.  For  the 
tirst  lime  during  the  1 1  years  imdcr  consideration,  gas  sales  show 
a  substantial  gain  without  the  aid  of  an  artificial  »tinuilus,  like 
gifts  of  gas  stoves.  This  gain  in  the  volume  of  gas  sold  for  1901 
was  ij  per  cent  over  Ihe  vtilume  ftir  1899.  Strange  1"  tell,  how* 
ever,  while  the  tola!  volume  of  gas  was  going  up.  that  o{  water 
gas.  the  cheap,  brilliant  illuminator,  went  rapitlly  down.  From 
y'l  iwr  cent  of  the  total  volume  of  gas  sold  in  1890,  water  gas 
fell  to  only  37  )>er  cent  of  the  like  volume  for  1901."  Ineideiilally, 
it  may  be  mentioned  that  the  gain  of  electricity  in  the  jicriod 
rameJ  was  ^3  per  cent  a>  compareil  with  the  12  per  cent  for 
gas.  It  may  also  lie  afldcd  that  in  some  other  figures  Mr.  Adams 
has  shown  for  Massachusetts  an  increase  in  central-siaiion 
dynamo  ca|MCity  Uom  1S88  to  tyoo  of  (jS^j  kilowatts  to  6H,i>4i 
kilowatts,  a  tenfold  increaw.  with  15.8  times  increase  in  the  con- 
nected ca|>actty  of  lamps  and  motors. 

At  the  last  meeting  of  the  Ohio  Gas  Light  As.sociatiott,  the 
subjtKt  of  high-pressure   gas   in   street   lighting   was  discussetl 
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by  .Mr.  J.  J.  Knight,  wlio  Mid:  "All  thingn  coi»idered.  the  mo&i 
cflicicnl,  satisfactory,  and  ihcrt-fori;  masl  pctMjrally  adopted  strtcl- 
ligluing  system  in  use  to-day  U  ])rol>iil)ly  that  furnished  by  the 
use  of  tiic  so-called  3000-cp  open  electric  arc  lamps,  hung  from 
20  to  30  feet  from  the  ground  niul  in  the  centre  of  the  atrevt 
intersections  the  long  way  of  tlie  block  and  alternate  intersections 
llio  short  way  of  the  block.  Tlie  lamps  mi  placed  are  usually 
about  500  feel  apart,  except  in  what  may  be  called  the  (xilice 
disiricis,  where  they  are  placed  somewhat  closer,  A  better 
system,  except  for  tlic  matter  of  cxi»ense.  would  be  the  use  of 
the  inclosed  electric  arc  lamps  placed,  say.  2(XJ  feel  ai^art  on 
alternating  sides  of  the  street,  hung  from  12  to  15  feet  high. 
There  may  be  earnest  gas  men  who  will  not  agree  with  these 
staMmcnts.  and  who  believe  that  single-mantle  gas  lamps  of  the 
modern  ly]H;  placed  at  short  inlcrvals  are  more  .\aii$ factory,  it 
is  possible  thai  such  would  be  the  case  if  tRcy  were  frequent 
enough,  were  well  maintained,  and  were  not  .'luhject  to  disability 
and  damage  from  frost,  wind,  bugs,  etc..  and  the  cost  of  instal- 
•  lalion,  operation  and  maintenance  did  not  exceed  the  oost  of 
electricity.  1  am  quite  sure  that,  as  a  general  prujKisition.  Ihe 
electric  light  is  more  favorably  regarded  by  the  average  citizen 
not  iiitereiled  in  gas,  and  it  is  probably  not  wise  to  let  our  en- 
thusiasm lead  us  astray  in  this  matter."  All  the  same,  Mr. 
Knight  plan.->  to  ask  his  home  city  nf  Kalamazoo,  Mich.,  to  let 
him  tr>*  some  high -pressure  gas  lighting  with  three-mantle 
lamps.  It  may  be  noted  tliat  at  Kalamaxoo  the  city  council  has 
proposed  to  abandon  its  muiiicijial  electric- light  plant  and  con- 
tract with  a  private  company  for  street  scr\'icc.  In  commenting 
on  the  Knight  proixisitiim.  our  own  past -j) resident.  Mr,  tlcnry 
L.  Dohcrty.  said  in  tlie  discussion:  "I  think  you  wilt  have  a 
greater  competition  from  other  iorm»  of  electric  street  lighting 
than  from  the  inclosed-arc  tamps,  and  that  we  ought  to  keep 
in  mind  the  fact  thai  we  liavc  to  do  sometliing  better  than  to 
beat  the  inclosed-arc  lamp.  The  series  open-arc  lamp,  ivere  it  tw 
be  uperated  upside  down,  with  a  properly  designed  reflector, 
would,  to  my  mind,  imdoiibtedty  give  very  much  better  result> 
than  could  be  secured  by  the  incloscd-arc  lamps.  I  think,  in 
spite  of  the  fact  that  the  Nerpst  lamp  does  not  give  as  high  an 
efficiency  as  is  ordinarily  claimed  by  the  manufacturers  of  the 
lamp  when  considered  as  a  source  of  light  in  every  direction 
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froin  ilt^  lamp,  it  onn  be  used  in  Hiialler  iiiiit«,  ami  ai  tlic  light 
iliircasi-s  in  reverse  ratio  to  the  square  of  ilie  distance,  the  mini- 
mum illumination  in,  jwrliapii,  greater  for  ihc  same  consuniption 
>i(  watts  llian  any  form  of  arc  lighting,  even  though  the  total 
tltix  of  liglit  is  less.  'l*lic  t'ooper  Hewitt  mercury  vapor 
lamp.  I  believe,  is  the  mo&l  promising  lamp  for  street  lighting  at 
present,  [iiit  if  I  were  compeliiiu  for  a  street- liKhtinR  system 
myself.  I  think  !  should  prefer  to  use  some  system  of  smaller 
uni;s.  either  the  Neriist  lamp  or  something  of  that  sort,  in  pref- 
erence lo  the  inclosed-arc  tamps,  and  I  shottlil  be  much  incline<l 
to  the  Cooper  Hewitt  lamp  for  slrecl-lighling  puqjoscs.  We 
have  to  do  something  better  than  ivimiiete  with  the  inclfjscd-arc 
lamp,  and  while  we  are  able  to  secure  a  great  deal  of  strctt 
H^hliiig  with  the  ordinary  ineandesceni  gas  lamp,  we  may  have 
a  harder  time  to  do  that  in  the  future,  unless  we  increase  tha 
efficiency  of  the  incandesceiil  ga*  Iaiii|i-" 


MERtirHV  VAPOK  l-VMR-? 

This  brings  us  fitly  to  the  subject  of  the  mercury  vapor 
lamps,  in  regard  to  which  considerable  data  are  already  in  print. 
Since  our  last  report,  the  Om])er  Hewitt  Electric  Company  has 
done  a  good  deal  of  work  in  introducing  this  novelty.  In  faci. 
in  Xew  Yoris  city  it  has  ceased  to  be  a  novelty.  n«  the  lani]>s  arc 
to  be  seen  in  many  store  windows,  and  arc  in  use  in  many  in- 
teriors. Mr.  D.  P.  Cameron,  of  this  company,  informs  me  that 
for  illumination  purposes — aside  from  photography,  etc, — they 
have  two  types  of  lamps.  One  is  a  /Oocp  consuming  3.5  am|wrc& 
on  no  volts,  and  the  other  a  300-cp  running  two  in  series,  and 
consuming  3.5  amperes  on  no  volts.  The  present  life  averages 
alx^ul  1200  hours,  and  on  thai  basis  the  cost  of  mainlcnancc 
averages  about  onc-quarier  of  ilic  hills  for  current.  These  tamps 
have  gone  rather  on  cent ral-sial ion  circuits  than  upon  those  of 
Isolated  plants.  As  another  example  of  .VuKTican  elecirical  ex- 
port trade,  it  may  be  mentioned  ihal  these  lamps  have  been 
.shipped  lo  .Sweden.  Germany.  England.  Scotland.  Mexico,  China 
and  Japan. 

An  interesting  tnodificalion  of  :he  mercury  vapor  lamp  has 
been  bronglit  out  in  England,  by  Hastian  and  Salisbury.  Its 
efficiency  is  lower  than  that  of  the  outright  Co(»per  Hewitt  lamp. 
but  it  has  a  convenient  form,  and  the  color  is  appreciably  im- 
prover I. 


The  engraving  licrcwilli  sliuws  the  lamp  in  its  normal 
imsitioii-  ti  \i  n  s(>un-cui>))cr  Iwll-sliaped  cover  wliich  protects 
thr  inlcrital  mechanism  from  wet  ami  provides  a  means  for  «u(- 
pcndiiig  tlie  lamp  and  fixing  the  tubes  and  other  devices.  G  is 
in  ordinary  glass  glubc.  As  shown  in  the  ilhistratiun.  the  lamp 
is  not  at  work,  and  the  mercury  in  the  tube  T  connects  the  two 
wires  sealed  into  the  glass.  Fixed  to  one  end  of  the  glass  tube 
is  an  inm  plunger  C,  which  acts  as  a  core  to  the  elcclnvnuignet 
M.  The  resistance  H.  the  electro-magnet  .\f,  the  carbon- filament 
lamp  L.  and  the  mercury  in  the  tulic  T,  are  all  connectcfl  in  scries. 
On  closing  the  switch,  the  core  C  is  drawn  up  by  the  electro-niag- 
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nuts ;  T  being  pivoted  at  P  and  the  conlinnity  of  the  mercury  tteing 
broken,  an  arc  is  formed.  11ie  tilting  of  the  tube  is  thus  effected 
automatically.  The  pressure  of  the  mercury  vapor  set  up  by  the 
arc  then  forces  the  mercury  up  into  the  left-hand  bulb  and  thus 
cuts  out  the  auxiliary  resistance  R.  All  these  operations  occupy 
hut  the  fraction  of  a  second.  The  carbon-filament  lamp  /..  just 
al>ove  Ihe  mercury  lube,  is  added  for  the  purpose  of  overcoming 
the  absence  of  red  rays,  and  this  bnip  is.  therefore,  underrun  so  as 
to  make  its  radiation  rich  in  the  required  red  rays.  An  cflficicnc>- 
of  2-5  candle-power  per  watt  is  claimed  when  the  carbon  auxiliary 
ill  not  used  and  of  I  to  1.5  candle-ftower  per  watt  when  the  latter 
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in  used.  Each  lamp  requires  from  40  to  60  \x>ll$  aiul  0.65  ampere, 
the  csn tile- power  being  80.  LAiiips  have  been  run  both  continu- 
ously an>\  intcmiitlently  for  over  1500  lionrs.  anrl  the  invi-iitura 
believe  diat  ihc  average  life  will  be  alxiut  3000  hours.  The  rif- 
sislencc  of  Ihc  carbon  filament  in  Mrics  ■Iei,:rea*c8  tlie  vohage 
across  the  terminals  of  the  mercury  lube  anO  consequently  the 
length  of  this  tube.  Friends  of  mine  from  England  not  interested 
in  the  lanqj  speak  very  favorabl}'  of  its  light. 

,\s  an  tfvi<lvnce  of  what  can  he  ilonc  with  the  mercury  vapor 
vacuum  tnl>c  a  view  \%  here  presciHed  of  the  battery  room  of  the 
XeW  York  Tranfi|H(rtali<>ii  Company',  which  uperairs  hundrvtia 
of  electric  hansoms  and  calw  on  .Maidtatian  Inland.  This  larire 
room,  yx>  feet  kmg  by  43  feel  wide  arul  jd  feci  hiBh,  has  been 
a  most  diflicnh  place  to  light  on  account  of  its  darknesft.  tiK 
blackness  of  the  cells,  and  the  all-pervading  presence  of  sul- 
phuric acid  fumes.  For  this  rea«>n  the  14  five-ii-niK-rc  arc  lanu»* 
which  were  at  one  time  employed  were  replaced  some  months 
ago  by  10  mercury  vapor  lamps  of  three  amperes  each,  tn  this 
manner  the  current  cnuumpliun  has  been  cnt  in  two,  the  general 
ecrniomy  .of  the  system  appears  to  liavc  been  greatly  increasol. 
and  the  ilhiminatiim  is  remarkably  jjreatcr  than  it  was  bt-furc 
The  Cooper  llewitl  lamps  arc  run  nlKtut  24  hours  in  a  day  and 
ni-ctl  very  little  attention. 

fnder  the  head  of  vacnum-tnlH-  lighting,  reference  nuiM  l»e 
made  also  to  the  work  of  Mr.  D,  ^IcK,  Moore,  who  has  con- 
tinued to  apply  himself  persistently  to  perfecting  ap]))icatHim  in 
this  field.  Ilis  tubes  give  a  verj-  pure  white  ligtil.  and  have 
been  adopted  for  photographic  purposes,  in  the  form  nf  niovabli- 
^ylights.  the  tube  being  doubled  up  into  a  large,  llat,  window- 
like  box  lliat  can  be  shifted  around  at  will  in  llic  photographic 
Mudio.  In  one  such  window  the  lube  has  a  length  of  43  feet, 
and  is  crc<titc«!  with  a  life  of  at  least  1000  Imurs.  operating  on  a 
hasi*  of  five  candle-[>ower  per  fool,  or  aliout  200  candle-power 
tola!  (sec  page  37).  Similar  appsiratu*  ha-'  hcvn  <levised  by 
Mr.  M'lore  for  photographic  print,  and  a  ):ood  length  of  Inbc 
can  also  be  seen  nightly  at  the  entrance  of  one  of  the  buildings 
on  upper  Fifth   aveime.  New   York  city. 


Sl'EllM.  KI'-KI-KCTOR  IXC.SXDRSCKST  tAMPS 

Some  lime  ago,  reflector  incandescent  lamp«  were  brouglit 
out,  with  the  upper  half  of  the  bulb  silvered  for  reflector  pur- 
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Possibly  the  X«»st  lamp  has  lifljicil  lo  stir  up  improvement  in 
[his  ilircction. 

A  now  familiar  type  uf  this  lamp  is  that  designed  by  the 
General  Electric  Company  and  there  are  several  otiiers.  It  is 
iiia<lt  with  a  gron  ml -glass,  spherical,  tipless  btilb  about  live 
inches  in  diameter.  The  alimiinuiii  reflector  covers  the  upper 
lialf  of  the  Inilt).  fiitinf;  closely  thereto,  and  the  junction  of  thu 
lamp  and  socket  is  concealed  by  a  metal  collar.  The  lamp  as 
first  designed  was  made  in  a  miil  of  50  candle-iMwer  consuming 
from  100  to  130  watts.  The  introduction  of  the  lamp,  however, 
led  to  a  demand  for  a  smaller  unit  ain.<iitning  alwui  the  same 
nirrent  as  the  ordinary  16-tp  lamp,  ami  accordingly  a  unit  jusi 
half  the  candle-power  and  waits  ron^umption  of  the  first  one  de- 
signe<l  has  been  placed  on  the  market  during  the  year,  and 
has  proven  even  more  popular  than  its  prederessor.  It  is  made 
in  a  smaller  <liamctcr  bulb  3.75  inches  in  diameter  and  is  very 
serviceable  for  residence  lighting,  for  desk  and  table  illumtnalion. 
Where  the  number  of  outlets  |)ermtl,  it  scnires  a  greater  uni- 
formity of  illumination  by  distributed  lighting  with  a  large 
numlter  of  units  than  is  possible  for  the  same  power  consumption 
with  tile  So-cp  size  of  lamp, 

A  year's  service  nf  the  lamps  has  inlroduced  a  number  of 
improvements,  chief  among  which  lias  been  the  adoption  of  a 
new  fiirui  of  gIa*K  reflector  in  place  of  the  mtial  reflector.  It 
has  the  upper  surface  covered  with  a  fluting  of  yo-dcgrcc  prisms. 
They  form  a  surface  which,  on  tlie  well-knoxvn  principles  of 
reflection,  secures  a  maximum  cflfcct  in  the  downward  distri- 
bution of  light.  The  shack-  is  translucent  and  ap(wars  radiant 
with  light  when  the  lamp  is  lighted,  thus  greally  increasing 
the  attractiveness  and  artistic  appearance  of  the  lamp.  The  ad- 
vantage claimc<I  for  the  shade  is  tliat  it  dues  not  rest  u\K>n  Ihe 
tainp.  but  is  suspended  from  the  socket,  and  is  made  in  such  a 
form  as  to  allow  ventilation  of  the  lamji,  thus  dispersing  the 
heat,  increasing  the  life  and  maintaining  the  brilliancy.  The 
present  lamp  with  its  new  shade,  therefore,  givi-s  considerably 
longer  life  ami  better  susUiined  candle-iiowcr.  equaling  ami  sur- 
passing that  of  the  ordinary  16-cp,  3.1-watl  lamp.  In  intro- 
ducing this  lamp  the  comjiany  ha.*  made  its  first  cost  low  in 
order  to  provide  an  inexpensive  unit,  and  many  central  stations 
iiave  placed  the  lamp  on  the  frei-reuewal  list.    They  have  been 


41 

able  to  <lo  tliis  bccauso  tlic  renewal  of  ilic  lamp,  when  figured 
on  t]ic  kw-liour  basis,  is  no  greater  tliati  that  of  the  ordinary 
lamp  in  8-cp  or  lo-cp  froslcti  bulb — a  U^pc  of  lamp  thai  is 
regularly  supplied  free  by  the  niajoriiy  nf  central  •ttations. 

The  use  of  lamps  of  the  Meridian  tyi>e  (jreally  simpIiBcs 
tile  problems  nf  illmnination,  as  eadi  lamp  ^ivcs  an  abno».t 
perfectly  unifonn  distribution  of  light  beneath,  and  this  nniform 
ilhiminatinn  ex(en<ls  over  an  area  having  a  diameter  equal  to 
tlie  heiglil  of  the  lamp  aljove  it.  This  fact  provi<Ies  a  simple 
rule  by  which  the  !aiiii)S  can  lie  pn)per!y  placed  for  the  uniform 
illnniination  of  any  interior,  .^nollier  advantage  secured  is  dis* 
pending  with  the  use  of  (irdiiiary  fixtun-s.  The  lamp,  except 
with  high  pilches,  can  be  placed  on  the  ceilings  or  su!q>euded 
a  few  feel  therefrom,  and  in  being  distributed  over  the  ceiling 
si'Ciirc*  mudi  mure  satisfactory  am!  nnifomi  illumination  than 
K  possible  where  the  lamps  arc  bunched  on  a  fixture  in  Ihe  ccnire 
of  the  room.  Several  lighting  companies  are  using  these  lamps 
in  clusters  as  successful  conij)ctitors  of  the  so-called  gas-arcs. 
Altogether,  the  introduction  and  use  of  these  lamps  has  tended 
to  hnprove  greatly  the  art  of  lighting  and  to  assist  greatly 
central-station  lighting  coni|)anie»  in  their  com|>etition  with 
other  forms  of  illumination.  -\n  instance  mentioned  to  me  re- 
cently is  that  iif  a  railway  station  on  the  Jersey  Central  Railroad- 
The  wailing-room  is  about  3o  x  40  feet.  The  sole  illumination 
»  Iwo  five-inch  Meridian  lani{>s  at  the  centre  of  the  room  and  two 
standard  [6-cp  lamps  in  fixtures  at  one  end.  The  elTccl  is  sur- 
prisingly good,  and  the  rix>m  is  well  lit  for  all  practical  pur- 
poses. Tile  railroad  company  had  originally  installed  three 
large-sized  cbamleliers  with  six  16-cp  lamps  each.  Tlicsc  are 
not  now  in  use  at  all.  ihe  other  lamps  above  mentioned  supply 
ing  all  llie  illumination. 


ELECmiC  IIlv.\TING 

In  a  rjuiet  and  steady  way.  eleclric  heating  has  advatKcd 
during  ihe  past  year,  (.'cntral-staiion  men  do  not  realize  j-et 
their  opportunities  in  this  field.  It  is  hanlly  an  exaggeration 
to  say  that  a  great  many  of  them  look  upon  electric  healing  as 
experimental  or  chimerical,  where.is  notliing  odhIiI  hv  further 
from  the  truth,  even  allowing  that  present  apparatus  is  likdy 
to  un<lergo  great  improveiiieiit  in  the  course  of  the  next  few  years. 
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Of  course,  a  great  many  stations  to-<lay  can  not  tell  for  what 
jntrposc  llicir  current  is  usc<I,  liecausc  iliey  meter  it,  but  it  is 
cerlainly  wortliy  of  note  that-  only  31  stations  in  1902  in  tlicir 
reiurns  10  the  Census  Office  reported  the  specific  sale  of  current 
for  electric  heating.  A  |?rcai  many  others  ai^-  cknihtleu  in  the 
fnisincss.  bril.  w-lien  all  is  said,  ilie  street-railway  field  remains 
still  ihc  great  exemplar  uf  electric  heating.  During  the  pAt\ 
severe  ivintcr  every  ear  on  the  \vhole  Manhattan  Klcvatcd  system 
nf  Xeiv  York  was  heated  electrically,  representing  at  some  linurs 
nf  the  day  prohaWy  not  less  than  1200  cars.  In  1902.  more  lliau 
half  of  ihe  sln-et-railway  ears  in  the  L'nited  States  were  hcstcil. 
and  of  the  ntindwr  no  fewer  than  iy.021.  or  63  per  cent,  wen 
heatnl  hy  elecincity.  In  nthcr  word*,  during  the  past  winter, 
for  rn&nths  lofrether.  and  almost  ifown  10  the  month  of  May. 
eoiisi<terality  over  20,000  car*  have  nsed  currnit  for  lieatiii]j< 
several  hours  daily.  In  the  a|;grcgate  this  represents  an  enor- 
iiirtu*  amount  of  *ervi«e  and  current  consumption ;  and  yet  it 
nituht  he  easily  duplicated  on  ccntral-siaiion  circuits.  Eighteen 
years  ago,  I  ventured  li>  suggest  U<  <Ioiiliting  members  of  thi^ 
association  at  Detroit,  that  (here  was  money  in  the  then  infant 
motor  or  power  service.     \o  one  (]uesti<ins  ihat  now. 

One  of  the  important  electrical  events  of  the  year  has  been 
the  eqtiipineni  of  the  Oovcrnment  Prinling  Office  in  Washing- 
ton— the  largest  printing  establi>hnient  in  the  world — with  the 
largest  elertrie-heattng  plant  in  the  world:  to  say  nothing  of 
the  fact  that  there  arc  over  600  power  motors  in  use  under  the 
one  roof.  Mr.  VV.  II.  Tapley.  the  progressive  electrical  engi- 
neer of  the  Office,  with  the  courage  of  his  convictions  has  spent 
a  large  sum  to  crcat  aclvantafic  on  a  plant  that  is  really  an 
extraordinary  cxemplifiration  of  the  llexibility  and  economy  of 
electric  heating.  Tlic  work  is  characterized  hy  a  great  deal  of 
originality  and  ihoronglmesj;.  for  wliich  the  staff,  in  conjunction 
with  Mr.  W.  S.  Iladaway.  Jr..  must  he  ascribed  great  credit, 
Tlie  uses  of  elertric  heat  in  the  Office  fall  broa<!ly  into  two  groups 
or  cl.isscs.  One  of  these  embraces  the  fomulrv  and  include'! 
matrix-drying  tables,  wax-stnpping  tables,  wax-melting  kettles, 
ease-warming  cabinets,  "builders-up"  tool  heaters,  case-wanning 
table,  wax-knife  cntling-down  machine.  "»weating-on"  machine, 
and  solder  in  ji-iron  heaters,  llie  other  class  in  the  bindery  includes 
embossing  and   stamping  press   heads,  glue-heater  equipments. 
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glue  cot*ers.  casc-makiiig  madiinc*.  finisliers*  toot  Iwaters  and 
book-cover  shaping  machinc».  Tliis  is  a  remarkable  range,  but 
in  addition  and  outside  Uiesc  wc  find  the  latiiphlel-co^'ering 
machifiet,  the  .<ealiiig-\va\  mcltcrs  and  some  other  devices.  It 
is  only  when  one  sees  such  an  eijuijitncni  a*  lias  been  devised 
for  and  brouglu  together  in  tlic  Government  Printing  Office  that 
one  grasps  fully  the  idea  of  the  extraordinary  range  and  utility 
(if  electric  healing.  Siicli  healing  may  not  yet  take  care  of  a  big 
buiUling,  but  in  such  special  apphcations  as  these  it  can  not  be 
surpassed  or  equaled  for  efficiency  and  economy. 

The  c<iuipmcnl  of  these  electrically  heated  appliances  in  the 

<  >ffice  supjdants  gas  and  xteani  in  all  processes.  Practically  all 
the  apparatus  was  made  from  new  desijjns  by  Mr.  Hadaway 
with  careful  attention  to  mechanical  tletatls.  and  with  large 
factors  of  iafcly  electrically.  The  spec  i  heat  ions  of  the  control- 
ling ap;>liance!^  were  rigid,  and  necessitated  new  switch  designs 
giving  great  strength  and  durabilily.  The  switches  are  mounted 
u))on  slate  slabs  and  protected  by  iron  covers,  all  connections 
being  soldered  to  lugs.  The  Alabs  arc  mounted  upon  iron  or  slate 
hascs  so  that  every  precaution  may  be  taken  against  accident. 
In  cases  where  working  temperatures  are  moderate,  the  ap|)a- 
ratus  is  operated  on  117  volts.  Where  high  temperatures  and 
rapid  rates  f>i  inipartivity  arc  rcr|uircd,  lower  variable  voltages 
arc  used.  'Hiesc  are  secured  by  translating  appliances  con- 
sisting of  rotary  converters  an<I  transformers  with  several  tajw 
(»n  sccotidaries.  The  cxlrenii-  ranges  of  energ}-  density  in 
various  appliances  arc  fnun  0.75  watt  to  40  watts  per  sijuare- 
inch  superficial  area.  The  plant  gives  great  satisfaction,  and  is 
idrcady  heing  imitated  in  utber  large  printing  offices,  nutably 
that  now  being  equipped  by  the  N'ew  York  Times,  which  will 
employ  a  great  deal  of  electric  heat,  depending  uiK>n  current 
fnniished  from  tlie  street  mains  of  the  \cw  York  Edisoa 
company. 

Another  exemplification   of  the  growing  scale  upon  wbicli 
electric  heating  is  used,  i*   furnished  by  the  Uerg  hat   factory. 

<  f  Orange  \'alley.  .\'ew  Jersey,  with  ^i  cajracity  of  300  dozen 
felt  liats  per  day.  There  approximately  100  kilowatts  or  half 
the  entire  average  output  of  the  plant  is  used  up  in  the  electrically 
heated  <tcviccs  for  making  the  hats. 

Our  able  jjasi-prcsident,  Mr.  James  1.  Aycr,  who  is  devoting 


4S 

hfs  ability  ami  energy  to  lhi,«  *ul>jwi,  showi:'!  mt 
{>hoto^ra]i)i  of  over  two  tons  of  clcctric-hcalinu  appafaUis  lie  was 
shipping  abroad  on  foreipi  orders :  followed  shortly  after  by 
nnolhcr  shipment  equally  large.  Mr,  Aver  notes  this  year,  as 
last,  the  revelation  of  llic  fact  that  heatitig  is  going  on  unknown 
(o  cenlrat-^talion  managers,  by  the  fact  (hat  complaints  ar«  made 
when  circuits  liave  been  shut  down  for  overhauling  in  the  d»y- 
timc.  Tlii*  has  been  true,  for  example,  at  Sonieri-ilk-,  Mass., 
and  Xcwlon.  Mass.  Mr,  .\yer  notes  in  general  an  increase  of 
orders  and  imiiiiries  hotli  from  central  stations  and  from 
factories. 

One  incident  reported  to  mc  by  Mr.  .-\ycr  of  the  advantage  of 
electric  Iieat  over  other  melhotU  was  conspicuou.tIy  ileveloped 
at  Mar\-ard  Memorial  Halt,  which  is  the  dining-room  of  many 
students  of  Harvard  I'nivei^ily  (about  1500  rc^darly  lalce 
their  meats  there),  by  the  introduction  of  electric  waffle  irons, 
displacing  gas  irons.  Ktcctric  waffle  irons,  being  heated  on  both 
sides  at  once,  proiiucc  a  more  perfect  product  and  <lo  the  work- 
more  quickly  than  with  gas.  In  the  regular  o[>eraiion  of  ktkinf! 
waffles.  1»lter  is  poureil  into  liatf  of  a  mould,  the  other  half 
being  closed  over  it.  and  in  tlic  case  of  gas  the  heat  is  applieil 
on  one  side  for  a  period.  Then  the  mould  is  turned  over  and 
the  heat  applied  to  the  other  side.  With  electricity,  the  heat 
tn-ing  supplied  on  Iwth  .vides  by  having  each  half  of  the  mould 
directly  heated,  this  turning  is  avoided. 

To  prevent  the  waffle  sticking  to  the  iron,  it  i(  necessary  to 
apply  oil  or  lard.  In  tlic  case  of  a  gas  iron,  much  of  this  oil 
gels  on  the  outside  of  the  iron  and  is  converted  into  smoke  by 
the  flanic.  In  the  case  of  electric  irons,  no  such  loss  occurs  and 
no  such  smoke  develops.  On  account  of  irregular  heating,  it 
i.t  frequently  necessary  to  open  the  mould  of  the  gas  iron  to  lest 
the  progress  of  the  baking.  In  th«  case  of  electric  irons,  this  t» 
Totally  unnecessary,  as  the  time  clement  is  definite,  and  the 
moulds  are  not  opened  until  the  prescribed  lime  has  elap.sed. 

It  was  foun<I  that  for  serving  the  students,  where  there  was 
demaml  for  alxnit  250  waflles  in  one  liour,  one  operator  with 
the  clcciric  irons  could  do  the  work  of  two  with  gas;  the  smoke 
nuisance  was  eliniinated,  the  saving  in  oil  was  considerably  more 
than  half  itiat  required  for  gas,  and  siibscquenlly.  recent  improve- 
ments in  electric  wafflv  irons  have  resulted  in  the -eliminalion  of 
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ilic  use  of  oil  entirely.  Another  curious  thing  is  that  it  takes 
about  20  per  cent  less  batter  with  the  electric  iron  for  the  same 
number  of  walllcs  tliat  was  required  with  the  gas.  The  reason 
appears  to  be  that  the  cooking;  is  dune  much  more  (Quickly; 
hence  a  lighter  article  is  produced. 


TIIBEE-'I'UASE   CEXTRAI,  STATIONS 

With  reganJ  to  methoda  of  distribution,  it  should  K-  noted 
that  last  September  the  city  of  Dublin.  Ireland,  put  inlu  oper- 
ation a  very  interesting  four-wire,  three-phase  distributing 
system,  to  the  displacement  of  a  single-phase  system.  The  new 
system  is,  it  i»  believed,  the  largest  of  its  kind  in  the  worl<l, 
atthiiugb  we  have  thrcc-pliasc,  two-wire  systems  in  cities  like 
Sacramento  and  Salt  U'kkc  City.  The  old  system  was  started 
hy  the  municipality  in  i8ij2.  and  at  the  time  of  its  displace- 
nicnt  had  connected  the  eciuivalent  of  16,50a  t6-cp  lamps.  The 
old  plan!  Iiad  a  i>rimary  voltage  of  2000  with  a  secondary  pi-css- 
urc  of  100  volts,  and  operated  with  83  cycles  per  second,  fn 
addition,  some  street  lighting  was  provided  by  arc  machines. 
The  distribution  has  been  underground  from  the  beginning.  The 
firdt  cables  that  were  laid  decayed  rapidly,  and  in  1899  an  entirely 
new  system  w;is  laid;  the  secondary  pres-siirc  changed  from  too 
to  200  volts,  and  instead  of  each  hotise  having  its  transformer, 
all  transformers  were  grouped  into  five  substations.  The  system, 
as  oi>eratcd.  never  gained  favor,  and  it  was  finally  dccidi-d  to 
put  in  an  entirely  new  plant,  though  S^ooxoo  had  been  expended 
on  the  ol<I  one.  .-Xs  above  stated,  the  system  adopted  is  a  four- 
wire,  three-phase  system.  Primary  current  is  pnierated  at  the 
entrance  of  Dublin  harbor  at  5000  volts,  and  iransnntted  to  a 
substation  in  the  city.  The  secondaries  of  the  substation  trans- 
formers are  siar-conncctcd,  the  old  aooo-volt  mains  being  con- 
nected on  separate  jdiases  between  the  outer  points  and  centre 
point.  Twenty  new  substatii)ns  are  being  added,  which  will 
supply  2a)-volt  networks,  the  lamps  being  connected  between 
ihe  otiters  of  the  star  am!  the  neutral  common  return  to  the  centre 
of  star.  The  arcs  arc  supplied  with  direct  current  through  motor- 
generators. 

The  old  lighting  system  was  single  phase,  current  being 
supplied  at  ^twx)  volts  from  the  main  substation  to  five  sub- 
iitations,   from   which   low-tension,   single-phase  networks   were 
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fv(t  at  aoo  voltii.  Tlicsc  siil>st3tions  and  networks  arc  retained, 
and  arc,  in  fact,  still  fed  from  thv  uld  »wilch)Kiard  at  itic  main 
siiltstatioii.  ihc  step-down  transformers  already  referred  to  being 
i:ni|»]uye<t  lu  cliaiige  tlif  |)re.wure  fnnii  jooo  to  2000  volts  bc- 
Iwccn  the  two  switrhboards.  l-'or  tliis  purpose  three  250-kw. 
single-phase  transfomirrs  liave  fict'n  provided,  with  a  fuurth 
mic  as  spare,  and  also  four  50-kw  tratisfurrticrs  (one  being 
spare)  for  the  light-load  periods  of  the  day.  The  primaries 
of  the  transformers  arc  delia-eonnectcd.  and  the  secondaries 
siar-connectcd.  the  middle  of  the  star  beinp  earthed.  The  second- 
ary terminals  nf  the  transformers  are  directly  connected  to  the 
old  high-tension  board,  so  thai  each  Rroup  of  thrte  takes  three 
indepenilenl  circiiits,  .•\ny  motors  on  these  circuits  must  be 
single- phase,  and  the  new  motors  which  come  on  will  all  be  con- 
nected to  the  new  three-phase  secondary  networks. 

Tlic  new  thrce-pliasc  circuits  are  fed  from  tlie  20  over- 
ground substations,  where  the  current  is  transformed  down  to 
joo  volts,  the  primaries  of  the  transformers  being  niesh-conneiied 
and  the  scconiiaries  star -connected.  200  volts  being  the  pressure 
between  the  outers  of  the  star  and  the  centre  point.  The  second- 
ary networks  are  all  distinct  and  not  interconnected,  and  four- 
eore  rabies  of  various  sections  arc  employed  for  distribution. 
The  lamps  are  placed  between  one  vi  the  conductors  cennccted 
to  the  outer  of  the  star  and  the  fourth  conductor,  wbtcli  acts 
as  a  common  return  for  the  three  phases,  and  is  joined  to  the 
centre  of  the  star  and  earthed.  Tlicoretically.  if  the  three  cir- 
cuits were  perfectly  balanced,  no  current  would  flow  b-ick  through 
this  conilnctor,  but  in  practice  it  appears  that  the  circuits  will 
hi-  far  out  of  balance;  so  that  the  four  cores  have  Iiecn  given 
equal  section.  The  motors  are  to  be  connected  across  the  phases 
without  the  neutral  wire  being  employed,  The  main  reason  for 
the  adoption  of  this  system  is  that  it  allows  of  a  higher  pressure 
k-twecn  the  three  conductors  corresponding  to  the  three  phases 
titan  if  the  lam|>s  were  simply  connected  on  the  three  phases 
in  the  ordinary  way-  Two  humlrcil  volts  has  to  be  supplied  at 
ih«  tamp  terminals,  and  by  this  four-wire  connection  the  pressure 
between  the  three  main  conductors  is  546  volts.  Thus,  even 
with  four  conductors  of  equal  seclion,  the  total  weight  of  copper 
employed  is  diminished.  On  the  other  hanil.  each  conductor  hag 
to  be  heller  insulated,  and,  what  is  more  important,  the  method 
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of  coiinvclioii  iiiiroduccs  more  con]piicaiioti&  in  ihc  junciifn 
lH)xes  and  increases  their  size.  The  low-tension  cable  is  laid 
in  lilt-  same  manner  ae  the  higli-lcnsion  cable,,  excepl  that  when 
liie  troughing  is  under  the  footways  it*  thickness  is  reduced  to 
.35  inch.  In  connection  with  this  plant.  I  may  perh3|>s  be  per- 
mitted 10  quote  hrieHy  an  eiliturial  reference  tu  it  (mm  the 
columns  of  my  own  journal,  as   follows: 

"It  is  interesting  to  see  an  untniligaicd  polypliase  sys- 
lail  tried  on  a  large  scale  under  llic  severe  n-iinire- 
ments  of  modern  urban  distribution.  The  three-phase  star  with 
neutral  wire  is.  perhaps,  upon  the  whole  the  most  promising 
alteniatinp:  system  for  use  upon  a  large  scale.  It  is  not  (juite 
so  simple  as  a  two-phase.  four>wirc  distribution,  but  saves  a 
large  amount  of  copper,  almosi  as  much  ns  an  ordinary  three- 
wire,  com innous-ntr rent  system,  even  with  the  large  neutral  used 
in  Dublin.  IJroadly,  all  distributing  systems  which  save  copper 
by  combining  circuits  involve  in  one  form  or  another  the  ((ues- 
of  balancing  the  load  to  insure  uniformity  of  voltage.  In  iliu 
early  day*  of  the  three-phase  system  great  imjKiriance  was  at- 
tached to  this  matter,  and  it  was  an  objection  often  strenuously 
urged.  As  experience  has  been  actjuired.  the  fear  of  unbalanc- 
ing has  sunk  to  its  proper  j>lanc.  and  it  has  been  found  that  with 
reasonable  care  there  was  little  to  fear.  ()n  a  distribution  fully 
laid  out  for  three-phase  circuits,  this  load-wandcring  can  be 
deprived  of  its  injurious  tendencies:  but  where,  as  in  part  of 
the  Dublin  system,  three  old  single-phase  circuits  are  put  in  thrcc- 
))hasu  connection  without  any  material  change,  there  is  a  con- 
siderable possibility  uf  trouble.  This  sort  of  thing  can  be  suc- 
cessfully done  in  cases  where  it  is  a  very  small  part  of  the  total 
toad  or  wlierc,  as  in  wiring  large  tniildingt,  the  secondary  drop 
is  rather  small;  but  it  must  be  rather  carefully  watched,  anil 
should  be  worked  over  to  »  pure  threi-phase  form  when  i>]ipor- 
lunity  offers.  T\k  connections  are  a  trifle  more  complicated  in 
a  three-phase  system  than  in  an  ordinary  tlirce-wire  syslein, 
but  the  difference  is  practically  inconsequential,  and.  with  due 
care,  as  good  service  can  he  given  fmni  one  as  from  the  other. 
Certainly,  the  new  Dublin  system  will  Iw  a  vast  improvement  over 
the  old  one.  and  we  doubt  nftl  that  the  rc-tuh*  will  t>e  highly, 
satisfactory.  The  frequency  is  dropped  in  the  new  plant  to  50 
periods,  which  seems  to  l>e  becoming  rather  the  standard  practice 
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abrOld.  I  Icrc  there  i&  a  double  standard.  60  |>eriocls  for  general 
service  and  25  periods  for  work  with  rotaries,  Where  many 
motors  arc  to  be  used  or  where  much  of  the  diMrilnition  ii  10  be 
underground,  there  is  a  material  advantagi:  in  dropping  the 
frequency  below  50  periods ;  but  where  Ughiing  is  to  Iw  done  by 
the  alteniatiiig  current,  25  periods  is  too  low.  Perhaps  there  is  no 
siiiRlc  standard  frctjucucy  tliai  can  he  settled  U|>on  in  general 
practice  in  view  of  the  complicated  requirements,  but  it  would 
certainly  be  an  advantane  if  the  bulk  of  the  work  could  be  done 
at  a  medium  frc(iiiei)i.-y  which  would  enable  the  bulk  of  tlw  ma- 
chinery to  be  available  for  all  purposes.  As  il  now  stands,  sn 
enormouit  variety  of  machines  are  built  to  furnish  a  fairly  com- 
plete line  at  each  frequency  in  use.  and  it  would  be  a  good  thing 
if  there  were  greater  uiiifonnity  iti  the  matter  of  frequency." 

A  number  of  topicn  have  been  <liM.ni*H-d  in  thi*  brief  reixni. 
but  it  is  needless  to  add  That  they  are  few  in  comparison  with 
lho*<-  wliicli  niijrht  he  Treated.  Scvcrrfl  01  the  subjects  that 
have  been  reserved  for  discussion  ha^t',  I  notice,  been  made  the 
■subjects  of  elaborate  papers  by  comjietenl  authors;  and  it  has 
Mi-emed  to  me  therefore  that  I  should  be  economizing  the  time 
of  the  convention  by  nut  making  this  re|>un  any  longer  than  it 
is.  The  last  two  or  three  conventions  liave  seen  a  wide  exten- 
sion in  range  of  topics  treaiivl  In  the  papers,  the  Qwsiion  Box. 
and  other  dqiarlmenis.  and  hence  the  work  of  the  committee 
on  progress  becomes  limited,  much  w  its  relief — pryjbably  alio 
to  yours.  It  might  l>e  noted  tti  conclusion  thai  when  the  asso- 
ciation last  met  in  Boston,  in  1887.  one  great  feature  of  the  con- 
vention was  the  discussion  of  the  utili^aiiDii  of  electric  motors 
■m  central- Stat  ion  circuits,  A  vast  outgrowth  dates  from  tliat 
convention,  and  it  is  similarly  to  be  hoped  that  the  present  c>"ii- 
vention,  17  year*  later,  may  also  serve  as  a  landmark  of 
central-station   progress  along  new   routes, 


DISCUSSION 
Tut:  Phksiuent:  We  have  with  us  to-day  one  of  the 
earliest  presidents  of  the  association;  1  think  there  have  been 
thirteen  presidents  between  himself  aiul  the  present  administratioa. 
I  am  going  to  ask  Mr.  Kdwin  K.  Weeks,  of  Kansas  City,  to 
address  you,  and  jxisiibly  to  maku  incidental  reference  along 
the  line  of  the  report  of  Mr.  Martin,  which  we  have  just  heard, 
as  Mr.  Weeks  was  a  pioneer  in  the  industry. 
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Mk.  Wkkks:  Mr.  I'rcsideiit  and  Uentlerimi — While  we 
should  always  welcome  llic  new  nicmber,  for  whom  all  thin^^  arc 
reserved  and  without  whom  this  association  would  »uon  lose 
its  usefulness  and  would  cease  to  exist,  I  may  be  pardoned, 
as  one  of  the  "Old  Guard,"  for  expressing  some  of  ihc  pleas- 
ure that  I  feel  on  finding  on  the  roster  of  thi«  convention  ihe 
names  of  so  many  of  our  original  members.  TIk  presence 
of  these  names  should  also  lie  a  source  of  gratification  lo  all. 
as  it  evinces  a  very  desirable  continuity  of  interest  in  the  work 
of  the  aitsociation.  It  is  aUo  a  forcible  reminder  of  the  fact 
tliat  the  electrical  industries,  now  comprising  invcstnH-iits  run- 
ning into  the  billions,  haw  sprung  up  and  grown  to  this  vast 
estate  well  within  the  compass  of  one  generation;  that  the 
majority  of  even  the  seniors  among  the  great  investigators 
and  inventors — like  Tlionias  A.  Edison,  Elihu  TluMnson, 
Edward  Weston,  Charles  F.  Brush,  Frank  J.  Spraguc — are 
jilili  yoimg  men,  actively  engaged  in  enterprises  of  great  pith 
and  moment.  Yet  the  highly  original  work  of  tliese  men  and 
of  their  contemporaries  and  followers  lies  at  the  very  founda- 
tions of  the  electrical  industries  of  to-day. 

This  association  is  unique  in  the  extent  lo  which  the 
scientific  or  technical  and  the  commercial  elements  have  uTiited 
under  its  banner,  ft  may  he  likened  to  the  fable  shield  which, 
j'x>u  may  remember,  was  hoth  gold  an<l  silver.  It  tias  had, 
in  harmonious  combination,  the  gold  of  pure  science  and  the 
silver  of  practical  applicatii.>n.  Contributing  to  its  proceedings 
have  been  men  tike  Rowland,  who,  with  little  attention  to 
commercial  considerations,  devote  their  lives  lo  study  and 
ex|ierimenial  research:  and  men  of  affairs,  like  my  old  friend 
Perry,  of  Providence,  who  have  put  hundreds  of  millions  into 
applied  electricity  an<)  who  overlook  none  of  its  financial 
phases. 

TMuch  could  be  said  of  the  advantages  of  membership  in 
this  association :  but  it  is  rather  of  the  greater  good  accruinfC 
lo  the  engineering  professions  and  to  the  world  at  large  from 
associated  effort  that  I  am  reminile<l  rni  this  occasion.  Modem 
electrical  researches  and  investigations,  furthered  in  many 
ways  hy  the  work  and  by  Ihc  influence  of  this  association,  have 
given  a  quickening  impulse  to  all  trades  and  professions  and 
have  created  an  intellectual  expansion  without  parallel  in 
historv. 
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Tilts  asMJciaiiuti  i»  not  yet  of  :igc,  l>ut  its  lines  have  fallm 
ill  stirring  times  ami  in  places  where  much  honor  w;is  to  be 
vfon.  Its  older  iiicinbers.  rcvit'wing  the  early  trials  and  bril- 
Itanl  achievements  of  almost  ihe  t.*ntire  field  of  applied  clec>  t 
tricity,  may  say,  "All  of  this  we  saw,  cnuch  of  tliis  we  were"; 
and  its  younger  riieinhers  may  face  the  future  with  the  cer- 
tainty of  still  wider  commercial  applications  and  the  necessity 
for  higher  |irofessiunal  altaiiinientti. 

The  electrical  industries  i«till  lead  tlie  van  of  human  prog- 
re**.  The  electrical  cnginwr,  in  the  highest  sense  of  the  word, 
i»  the  reiultam  of  all  engineering  eKiierieiice.  and  to  the  engi- 
neers of  tlic  world — if  I  may  include  inventors  as  engineers — 
more  than  to  all  other  professions  combinctl,  the  civiliiaiion  of 
the  present  day  is  due. 

This  association  is  to  be  congratulated  on  its  growth  and 
increuing  inlluence,  and  the  first  Ke»5ion  of  this  convention, 
in  its  enthusiasm  and  unusually  large  attendance,  is  ccruinly 
a  great  and  richly  deserved  compliment  to  our  honored  prcsi- 
ilent.     (Applause.) 

TilK  l'iii',feiiii;NT:  Is  there  any  further  discussion  on  Mr. 
Martin's  jiaper?  We  are  running  on  a  schedule,  but  we  have 
plenty  of  time  just  now. 

Mr.  K.  F.  McCaue  (Lewisiown,  Pa.):  1  would  a»k  a 
question  of  Mr.  Martin.  Me  giv«i  the  total  amount  invested 
in  eleclric-lighling  companies  as  $504,000,000:  he  gives  the 
gross  income  a*  $H5,ooo.ooo  and  the  e.x|>eiises  as  $6S,uoo,ooo. 
leaving  a  net  income  of  S'/.'x'o.otxj  oix  an  invcsiment  of 
S504X)oo,ooo.  I  shall  be  glad  if  Mr.  Martin  will  inform  us 
if  he  is  sure  ihat  liiosc  figures  are  correct. 

Mb.  Maktin:'  I  have  no  reason  whatever  to  question  the 
accuracy  of  iliese  figures,  as  they  arc  based  upon  your  own 
statements,  gentlemen,  made  to  the  Census  Office  in  Wash- 
ington and  compiled  there.  I  am  sorr>'  that  the  industry  as 
a  whole  docs  not  show  up  at  a  higher  rale  of  yield  upon  the 
investment  that  has  been  put  into  it  in  the  la*l  fifteen  or  twenty 
years,  But  yon  must  determine  for  yourselves  what  the  real 
return  upon  the  investment  is  and  to  what  extent  the  figures 
recorded  may  represent  water  and  inflation. 

Mr.  SAMi'f-t.  Srovn.  (Oevelaiid):  I  ask  Mr.  Martin  to 
add  tbe  wonls.  and  fxperienee. 
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Mh.  .Makun:  1  cutch  tin-  point  that  Mr.  ScovU  inakca. 
and  should  like  to  say  that  I  h<^artily  iiidursc  the  idea  lie  wishes 
to  convey,  namely,  that  in  the  orgatiiolton  ot  our  i.-kciric-liglA 
.coiiipatiies,  our  telephone  properties  and  our  street-niln-ay 
properties  the  capitalization  sljould  represent  the  experience ; 
it  should  also  represent  the  foresight,  the  courage,  the  ingenuity 
and  the  iiivemiveness.  that  go  to  create  these  properties.  These 
clemenls  arc  just  as  much  factors  in  llie  development  of  the 
property — although  less  easy  to  estimate  as  to  value — as  are 
the  dynaiDos,  steam  lurhiiies  and  pole  lines  that  constitute  the 
physical  pan  of  the  plant.  I  believe  that  in  the  itate  of  Massa- 
chusetts this  intellectual  part  of  the  operation  is  not  recognized, 
ami  it  surprises  ine  thai  the  state  of  ^Eass>t>:husetts  should  tie 
the  vcrj'  one  to  fall  down  upon  that  idea. 

Mr.  Arthur  Williams  (  \ew  Vurk) :  I  am  one  of  those 
who  <Ii(l  not  get  a  copy  <»f  thU  very  interesting  report  before 
the  opening  of  the  convention,  and  therefore  have  not  yet  had 
an  op[)orinnity  to  gi)  fully  uver  its  contents,  I  regret  that 
this  is  one  of  the  papers  to  be  read  by  abstract,  because,  so 
far  35  I  have  read  it,  it  seems  one  of  the  must  interesting  ever 
presented  before  the  association.  In  a  report  of  this  nature 
a  great  deal  of  good  can  be  obtained  through  a  public  read- 
ing an<l  discussion.  Tlirough  this  paper  we  arc  advised  of 
the  progress  made  in  the  industry  all  over  the  world  since 
our  last  meeting;  it  is  a  worlrl- report. 

One  suggestion  occurs  to  nie  with  reference  to  the  Ncriist 
lanip.  Mr.  Martin  si>caks  of  this  lamp  as  having  made  satisfac- 
tory progress  in  a  field  already  pretty  well  cnvercd  by  competitor*. 
There  is  a  |>oint  in  this  field  of  lighting  that  is  not  covered  by 
competitors  of  the  Xcrnst  lam|>— -the  jHitnt  that  lies  beyond  the 
largest  tht  of  incandescent  lamp  that  can  be  used  conveniently 
and  the  smallest  arc  lamp  that  will  burn  with  satisfactory 
results.  This  gap  ibe  Xenist  lamp  of  ibrce  and  six  glowers 
fills  most  salisfaclorily,  and  at  this  time  it  docs  not  seem  here 
to  have  any  serious  competition.  The  Xernst  lamp  in  combina- 
tion with  the  ordinary  incandescent  light,  which  is  more  yellow- 
in  color,  gives  very  pleasant  results.  1  recall  a  room  in  a  club, 
used  largely  for  tlie  exhibition  of  pictures,  where  no  light  lias 
been  *o  satisfactory  for  ibis  pnriiose  as  that  composed  of  Ncnist 
light  from  the  ceiling  and  incandescent  light  from  the  cornice 
>>{  the  room. 
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It  was  reportetl  a  year  ago  that  in  England  more  tluin 
400.000  AcriJSt  lamps  of  various  siies,  niosHy  Ihc  larger,  w«re 
in  ii»e  for  interior  and  outdoor  lighting.  The  outdoor  or  munici- 
l>al  lighting  was  iaitl  to  be  very  satisfactory.  'Flic  English 
cxpcricijcc  has  bc«n  that  the  large  sixes  of  this  lamp  have  the 
greater  field.  Because  of  the  low  standards  of  incandescent 
light  the  smaller  sizes  of  Ncrnst  lamps  have  had  grcalcr 
opportunity  than  I  think  lliey  would  have  here. 

.\fn.  M.miiin:  With  regard  to  the  statement  of  Mr. 
Arthur  Willijuns  respecting  the  ilkimination  of  art  galleries, 
I  think  it  deserves  mention  that  the  an  galleries  at  the  St. 
Louis  Exposition  depend  for  tlieir  illumination  upon  the 
Xernst  lamp,  and  ihosc  of  us  who  have  seen  the  brilliant  white 
light  which  that  lamp  gives  can  nut,  1  think,  conceive  of  a 
lamp  more  appropriate  for  such  uses  and  purposes.  At  tlie 
olhiT  extreme  we  have,  if  I  may  venture  to  say  so.  the  Cooper 
Hewitt  mercury-vapor  lamp  and  lamps  of  that  generic  type. 
1  would  hardly  rccoitunetid  them  for  an  art  gallery,  although 
you  have  been  invited  lu  |Kirlici|iate  in  the  performance  of 
one  in  a  photographic  gallery. 

There  is  in  New  York  city  a  most  striking  exemplification 
of  the  utili):alion  of  llie  Cooper  Hewitt  lamp,  and  I  think  anyone, 
who  sees  that  would  say  at  once  that  in  that  particular  respect 
and  at  that  particular  jKiinl  the  Cooi>er  Hewitt  lamp  has  cer- 
laitdy  a  sphere  of  nsefulnesi.  I  refer  to  the  large  storage- 
batl cry-charging  room  at  the  New  York  Vehicle  Transpor- 
tatifin  Company;  a  room  250  to  300  feet  long,  about  40  or  50 
feet  wide,  antl  some  40  feet  in  pitch.  The  arc  lamps  thai  have 
been  placed  in  that  room  have  given  a  very  poor  and  inefficient 
illumination,  and  Ihere  has  always  been  trouble  present  due 
to  the  siilphuric-acid  fumes  from  the  batteries.  It  was  decided 
at  last  to  install  Cooper  Hewitt  lamps  in  place  of  arcs.  The 
current  consumption  has  been  cut  in  two.  The  lamps  have 
been  in  use  sonic  four  or  five  nimuhs.  and  I  can  say  from  my 
own  observation,  though  not  from  any  photometric  demonstra- 
tion, thai  the  illumination  of  the  room  is  infinitely  superior  to 
anything  attempted  before.  The  room  is  dark,  the  battery 
boxes  arc  black,  and  the  difficulties  in  the  distribution  of  the 
light  arc  very  serious  and  considerable.  The  new  light  is  effi- 
cient, it  is  economical,  and  the  "greenery-yaltcry"  rays  of  the 
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lamp,  which  have  been  said  to  add  a  new  terror  to  death,  are 
certainly  doing  their  duty  and  doing  it  very  advantageously 
in  that  room.  I  can  imagine  a  great  many  car  depots,  a  great 
many  electric-lighting  plants,  a  great  many  semi-dark  inclosures, 
where  the  Cooper  Hewitt  lamp  will  have  a  fine  and  very  advan- 
tageous field  of  use.  and  where  the  arc  in  its  present  form 
has  not  altogether  filled  the  bill.  At  the  same  time,  the  lamp 
has  its  uses  outside  of  that  sphere  of  usefulness.  I  merely 
wish  to  emphasize  the  illumination  in  question,  because  I  have 
attempted  to  include  in  my  report  a  picture  of  the  room  and 
of  the  illumination  referred  to,  and,  while  the  picture  suffers 
from  the  process  of  reproduction,  I  think  you  will  agree  with 
me  that  for  a  room  of  that  size  the  illumination  shown  in  the 
cut  is  highly  satisfactory. 

The  President:  We  will  now  take  up  the  paper  on  "A 
Three- Wire  Five-Hundred- Volt  Lighting  System,"  by  Mr. 
Walter  I,  Barnes,  of  Providence.  I  presume  you  know  that 
this  is  a  method  of  lighting  generally  in  vogue  in  England, 
but  it  has  made  very  little  headway  in  this  country.  The  only 
company  that  has  used  it  effectively  and  for  a  long  time  is 
the  Narragansett  company,  of  Providence.  Mr.  Barnes  is 
connected  with  that  company,  and  I  have  pleasure  in  present- 
ing him. 


The  following  is  the  pa[>er  read  by  Mr.  Harnes : 

A  THREE-WIRI-   FIVH-HUNDRED-VOLT 
LIGHTING  SYSTRM 


"ThoM  who  know  best  what  is  required  to  meet  all  issues 
and  (o  establish  a  business,  including  the  complex  factors  and 
conditions  assembled  in  undertakings  for  central-station  work, 
arc  those  who  have  invested  their  money  in  it  and  are  em- 
ployed daily  in  its  mAnugemeni," 

With  slight  changes  in  form  this  precept  might  well  be 
applied  to  any  commercial  or  financial  enterprise;  as  originally 
voiced,  however,  its  particular  and  peculiar  application  was 
the  central  station  for  supply  of  electrical  energy.  The  speaker 
of  that  occasion  surely  did  not  have  in  mind  the  details  of 
any  possible  future  development  in  the  properties  under  his 
management,  but  he  certainly  did  reHli»  that  there  were  many 
issues  to  be  met  and  that  the  complex  factors  and  conditions 
were  frequent,  and  his  evident  purpose  was  to  rid  the  situation 
of  its  complexities  and  to  establish  a  business  on  an  efficient 
and  well-disciplined  organization.  The  date  of  this  wholesome 
utterance  was  August  19,  1S90,  at  a  meeting  of  this  association, 
the  speaker  being  the  then  president  of  the  association,  Mr. 
Marsden  J.  Perry,  who  was  then  and  is  now  the  general  manager 
of  the  Narragiinseii  Electric  Lighting  Company,  Providence, 
Rhode   Island. 

At  that  time,  other  than  for  the  companies  operating  un- 
der the  Edison  organization,  with  perhaps  a  few  exceptions, 
there  was  but  one  path  to  follow  where  multiple  distribution 
of  electrical  energy  was  concerned,  and  that  was  the  two-wire 
system,  using  either  the  direct  or  alternating  current. 

The  ti^u-wire  system,  for  gbviouit  reasons,  was  almost  en- 
(irety  neglected  except  for  motor  systems  operated  at  500 
volts  direct  current,  and  the  Held  was  practically  given  up 
to  alternating-current  discribucion. 

The  manufacturers  of  electrical  apparatus  14  or  15  years 
ago  were  not  unwilling  to  dispose  of  their  product,  and  the 
salesman  most  appreciated,  if  one  may  judge  by  results,  was 
he  who  sold  the  greatest  number  of  small  generators  and 
diminutive  transformers.  In  one  case,  at  least,  the  argument 
was  used  by  the  representative  of  a  well-known  manufacturer 
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ibai  by  using  geocraiors  of  lu«  capacity  and  transfoTcarts  of 
small  units,  the  chancel  of  a  general  inicrtnption  of  service 
were  muteri*1ly  lessened,  aft  one  burnl-out  geoeraior  or  trans- 
f->riner  would  aflrct  but  a  small  part  of  the  system.  Whether 
or  not  the  argument  above  noted  was  generally  used,  the 
result  teems  in  h^ve  been  accomplished,  for  it  was  not  at  all 
iincommon  in  the  early  [rart  o(  the  last  decade  to  find  alter* 
na:ing-carreni  systems  in  large  cities  where  the  largest  single 
transformer  did  not  exceed  three  kilowatts  capacity,  and  the 
fashion  seemed  to  demand  even  smaller  units. 

The  iocandesccni  lamp  of  the  times  was  on  the  border- 
land of  voltage.  Some  of  (he  manufacturers  declared  boldly 
for  the  too-voll  type,  yet  acknowledged  the  better  efficiency  of 
the  50-voit  standard  of  preceding  years.  With  two  lamp 
voltages  in  the  market,  the  central-station  manager  alive  to 
the  situation  demanded  transformers  that  were  equally  well 
artapted  for  use  with  the  lamps  of  either  voltage,  the  result 
being  the  three-wire  transformer,  which  made  possible  a  con- 
siderable saving  in  Copper  when  three-wire,  50-rolt,  secondary 
mains  were  considered,  or  when  tiscil  with  two-wire  mains  at 
toe  volts. 

While  the  transformer  engineer  was  devoting  his  energy 
to  lessening  the  fixed  losses  and  improving  the  regulation  of 
(be  transformers,  the  lamp  manufacturer  was  bending  every 
effort  to  produce  a  lamp  of  belter  economy  than  heretofore, 
which  would  give  a  fair  and  reasonable  life  when  subjected 
to  the  conditions  of  transformer  regulation  then  existing. 
The  result,  although  by  no  means  perfect,  was  highly  satis- 
factory in  comparison  with  past  records,  so  that  in  1896-10 
■S^S  the  loo-volt  type  was  the  equal,  if  not  the  superior,  of 
the  jo'volt  lamps  of  two  years  previous.  With  this  fact  well 
established,  the  natural  inquiry  of  the  inleresCed  middleman 
between  manufacturer  and  consumer  was,  if  the  100  and 
tio-volt  lamp  so  soon  supplanted  the  50  and-  55-volt  type, 
why  may  we  not  have  >oo-volt  or  even  110,  and  possibly 
130-volt  lamps,  and  still  further  decrease  the  copper 
invesimcni  ? 

In  1997  the  commercial  aio-volt  incandescent  lamp  was 
yet  in  the  future  ;  in  >S99  the  150-volt  lamp  was  in  increasiiig 
demand,  and  the  first  American  inslallatiun  of  any  magnitude 
using  the  so-called  high-volia^e  lamp  was  made  under  the  en- 
gineering advice  of  Mr.  Bion  J  Arnold  in  St.  Louis.  Missouri,  and 
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is  fully  described  tn  a  preliminary  paper  at  the  Omaha  meet- 
ing of  the  American  Institute  of  Electrical  Engineers  in  June, 
1S9S,  although  the  system  was  not  in  commercial  operation 
until  some  months  later.  Owing  to  certain  legal  obstructions 
it  was  inadvisable  for  the  St.  Louis  system  to  be  installed  as  a 
pure  three-wire  arrangement,  and  it  was  left  for  the  Narra- 
gansett  Electric  Lighting  Company  to  be  first  in  the  field 
using  a  direct-current,  three-wire  feeder-and-main  system  with 
grounded  neutral. 

The  original  request  of  the  general  manager  called  for  a 
report  on  a  five-wire  system  using  125-volt  lamps  and  a  three- 
wire  system  using  250-volt  lamps,  and  a  joint  report  was  pre- 
sented by  Mr.  Wm.  C.  Woodward,  the  electrical  engineer  of  the 
Narragansett  Electric  Lighting  Company,  and  Mr.  B.  J.  Arnold, 
in  May,  1899. 

The  immediate  decision  of  the  manager  was  in  favor  of 
the  three-wire  system.  With  the  >5a-volt  lamp  as  a  factor 
in  the  situation,  the  alternating-current  transformer  was  no 
longer  a  necessary  part  of  the  system,  for,  wherever  a  500-volt, 
two-wire  system  could  be  operated  to  advantage,  it  was  at  once 
possible  to  modify  the  arrangement  so  as  to  allow  of  the  use  of 
a  three-wire,  250-500-volt  system. 

In  1899  the  Narragansett  Electric  Lighting  Company  had 
a  connected  load  of  9000  kilowatts,  of  which  4900  kilowatts 
was  in  alternating-current  multiple  distribution,  2700  kilowatts 
in  direct-current,  500-volt  motors,  400  kilowatts  in  series  com- 
mercial arc  lamps,  and  1000  kilowatts  in  series  arc  lamps  on  city 
contracts.  The  electrical  generating  equipment  consisted  of 
three  500-kw,  alternating-current,  6o-cycle  generators,  three 
5oo-kw,  direct-current,  S'^-^'o"  generators,  16  Thomson- 
Houston  series  geierators,  50-light  capacity  each,  and  18  Fort 
Wayne  series  generators,  i25-light  capacity  each. 

A  city  ordinance  relating  to  overhead  wires  required  that 
all  overhead  construction  of  the  Narragansett  Electric  Light- 
ing Company  within  the  close  fire  district  of  the  city  should 
be  removed  within  three  years  from  the  passage  of  the  Act. 
This  necessitated  the  removal  of  600  poles  and  about  160 
miles  of  wire  in  any  event,  and  as  the  company,  for  the 
benefit  of  the  service,  proposed  to  extend  the  district  prescribed 
by  the  ordinance,  the  amount  of  territory  was  voluntarily 
increased  about  ico  per  cent. 

In  general,  the  proposed  reconstruction  provided  for,  first. 
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eonsinictton  o(  a  complete  undergrfiutitt  system;  second, 
an  Insullation  of  a  Stornge  battery:  third,  the  dilcontinuance 
of  the  alternating-current  system  in  the  close  lire  district  and 
some  adjacent  territory ;  fourth,  the  discontinuance  of  the 
commercial  series  generators;  fifth,  the  removnt  of  the  poles 
and  wires  as  required  by  the  ordinance. 

The  construction  of  the  conduit  system  was  begun  in 
October,  1898,  and  continued  until  December,  1901,  during 
which  time  about  40  miies  of  streets  were  opened  and  1,700,00a 
feet  of  duet)  were  laid.  Of  this  amuunt  about  t.ooo.ooo  feet 
are  single-duct  and  700,000  feet,  multiple-duct.  There  wer« 
built  about  850  manholes  of  an  average  sixe  of  six  feet 
square  and  seven  feet  deep.  The  general  consiruciion  of 
the  manhole  is  shown  in  Figure  t.  The  ducts  that  were 
used  in  the  underground  system  were  laid  on  a  three-inch 
bed  of  concrete,  which  was  spread  on  a  spruce-board  bottom ; 
the  side  walls  beyond  the  ducts  were  of  concrete  three  inches 
thicic  and  well-rammed  between  the  side  boarding  and  the 
ducts.  Over  the  ducts  was  a  three-inch  layer  of  concrete, 
above  which  was  placed  a  protective  layer  of  crcosoted  plank 
an  inch  and  a  half  thick.  After  laying,  the  ducts  were  ail 
rodded  and  cleaned,  ready  for  drawing  in  of  cable. 

Owing  to  the  peculiar  location  of  the  streets  along  the 
river  front,  the  conduit  system  was  often  constructed  below 
tide  level,  and  it  became  necessary  to  waterproof  the  system 
of  conduits  and  manholes  where  the  same  were  close  to  the 
water  front.  This  was  accl■m|>li^hed  by  building  iiinch  side 
walls  on  the  concrete  bottom  of  the  trench,  and  covering  the 
side  waits  anil  concrete  with  several  layers  of  tar  paper  laid 
in  hot  asphalt.  The  waterproofing  of  the  manholes  was 
accomplished  in  a  similar  manner,  and  the  results  indicate 
that  such  a  method  is  perfectly  satisfactory.  The  illustra- 
tion in  Figure  i  shows  method  of  conduit  construction. 

Into  this  system  of  ducts  there  was  drawn  about  i,oee,eao 
feel  of  cable,  varying  in  size  from  No.  14  B.  Sc  S.  gauge, 
used  as  potential  wires,  to  cables  having  an  area  of  1,000,000 
circular  mils,  used  as  tie  tines  between  generating  and  battery 
stations.  Rubber- covered  cable  only  was  used,  the  insulation 
being  Okonite,  varying  in  thickness  from  five- thirty-seconds 
10  nine- thirty-second 5  of  an  inch,  according  to  purpose  for 
which  it  was  intended.  The  five- thirty  •seconds*  inch  insula- 
tion was  used   in  the  three-wire  system.     For  the  alternating- 
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currenl,  aioo-voU  system,  and  in  ihc  constant-curreni,  6050- 
volt  syitem,  ilic  insulalion  was  srven-lhirty-seconds.  and  in 
llie  ii.oDc-voli  transmission  circuils  tlic  thickness  of  Insula- 
tion was  nine-tliiriy-scconds  of  an  inch.  It  is  worthy  gf  note 
that  in  fivt;  years  of  continuous  operaiiun  not  a  single  fault 
has  developed  in  ihe  cable  or  conduit  system. 

In  ihc  difcct-current  system  there  was  used  altout  1,100,- 
ODo  feet  of  cable.  The  main  conductors  have  an  ares  of 
loo.ooo  and  300,000  circuhir  mils,  according  to  Ihc  district  in 
which    llicv    arc    situated.       The    feeders    v.irv  in    aica    from 
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loo.ooo   circutur   mils   to    500.000   circular   mils,   according   10 
length  and  load. 

There  are  33  feeder  points  in  the  direct^urrent  systcni, 
and  the  connected  load  at  present  is  about  qooo  kilowatts,  of 
which  4000  kilowatts  consists  of  stationary  motors  varying 
in  capacity  from  .25  kilowatt  to  75  kilowatts  The  remain- 
der of  the  load  consists  of  S0.300  incandescent  lamjis  and  ■  iSo 
arc  lamps.  The  incandescent  lamps  average  j.j  watts  per 
candle-power,  and  have  a  useful  candle-hour  area  of  not  less 
than  4000  hours,  assuming  the  smashinf;  point  to  be  fto  per 
cent  of  the  initial  candle-power. 


It  is  q*iiie  intcresiing  to  recall  that  in  1899  ihe  averag^e 
waits  per  candle  varied  from  3.8  to  four  wans,  and  at  that 
lime  tlie  candle-hour  area  did  not  exceed  3900  hours. 

The  arc  lamps  in  u&e  nt  |ire»ent  are  of  i1ie  twin-carbon,  in- 
closed type,  and  operate  in  niiilliple  on  »50-voll  circuits — 
that  is,  two  arcs  in  a  single  inner  globe— the  current  averaging 
I.J  amperes,  the  energy  per  lamp  averaging  about  575  watts. 
This  lamp  has  proved  quite  satisfactory,  and  is  much  to  be  pre- 
ferred lo  the  single-carbon  lamp,  in  which  ihe  volls  at  the  arc 
are  about  t6o. 

I'or  the  purpose  of  produeln^  the  best  possible  regulation 
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of  the  system  and  also  to  tide  over  the  peak  load,  a  storagi.- 
battery  was  installed  at  a  substation  about  2400  feel  from  the 
generating  station,  in  a  location  which  in  lime  will  be  fairly 
in  the  centre  of  the  distributing  vyntem. 

The  battery  (Figtire  3)  consisU  of  J96  ceils  of  43  plates 
each,  the  eight-hour  discharge  rate   being  ^40  amperes. 

The  cells  are  mounted  on  an  insulating  system  (Figures 
4  and  5).  which  has  served  to  annihilate  the  various  troubles 
often  found  in  battery  insulation.      A  double  tier  of  porcelain 


insulatois  Is  used;  the  first  tier  is  mounted  oil  four  brick  pier», 
which  «re  capped  with  a  hard-pressed  tile  thoroughly  intpreg- 
naled  by  boiling  in  paraffin ;  tfiple-petticoated  porcelaiit  in- 
sul^iors  are  then  placed  on  the  tile.  Longitudinally  with  the 
celt  and  resting  on  ihe  four  insulators  are  placed  two  hard- 
pine  sticks,  four  by  four  and  three-quarters  inches,  well  painted 
with  an  acid-proof  paint.  On  rach  of  these  hard-pine  sticks 
are  placed  three  tiles  boiled  in  paraffin,  and  resting  on  these 
tiles  is  a  second  tier  of  porcelain  insulators,  which,  in  turn, 
support  the  battery  tanks.       The   distance   from   the   floor  to 
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the  bottom  of  the  tank  is  10.75  Inches.  The  t!oor  under  each 
cell  is  pitched  from  a  point  under  middle  of  celt  to  the  aisle 
between  the  cells  at  an  angle  of  about  10  degrees.  This 
allows  any  surface  water  or  dripping  from  lank  lo  drain  off 
rapidly. 

Frequent  washings  of  the  floor  immediately  under  Ihe 
tank  and  systematic  cleaning  of  the  insulators  that  may  be 
conveniently  and  safely  reached,  have  served  to  produce  the 
best  results  in  practice,  the  leakage  10  earth  being  entirely 
eliminated, 

The   battery  Is   seldom   discharged   in   regular  service  to 
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exceed  ihe  three-hour  rate,  and  ihen  onl)*  (or  a  (>eriod  of 
about  an  hour.  The  toad  on  the  system  is  so  evenly  bal- 
anced that  seldom  does  the  unbalanced  condition  exceed 
three  per  cent  o(  the  load  appearing,  and  ihe  neutral  con- 
ductor is  of  ample  capacity,  even  should  the  unbalancing 
greatly  exceed  the  fi|{urc  RU-en.  In  order,  however,  that  the 
battery  may  be  always  in  balance  as  near  as  possible,  a  bal- 
ancer generator  is  to  be  installed. 

While  the  conduit  system  and  the  storage  battcrjr  were 
being  insUillcd,  active  prcp;iraliyns  were  being  made  whereby 
existing  installations  on  the  aliernaling-curreiii,  Iwo-wirc  sys- 
lein  might  be  readily  transferred  to  the  direct-current,  three- 
wire  system. 

As  the  ijo-soo-volt,  three-wire  system  that  il  was  pro- 
posed to  install  was  a  radical  departure  from  all  standards 
then  existing,  every  precaution  was  taken  to  obtain  the  best 
and  safest  results.  Il  was  decided  to  re-wire  most  of  the 
older  inslallations,  and  although  in  many  instances  the  wiring 
In  customers'  premises  called  for  but  slight  modification,  yet 
there  were  other  cases  where  the  entire  wiring  equipment 
was  replaced. 

Certain  lypes  of  fittings  were  adopted  as  standards,  so 
that  the  Installations  might  be  uniform  throughout  the  entire 
territory.  The  Edison  type  of  libre-lincd  socket  with  a  mica 
disc  under  centre  contact  was  adopted  as  a  standard  sockeL 
Inclosed  fuses  of  plug  and  cartridge  type  were  used  to  replace 
open-link  formi  of  bygone  days.  Modern  switches  took  the 
place  of  oilier  patterns,  and  iron  or  steel  pipe  was  generally 
used  lo  repUce  the  wooden  moulding  of  previous  years. 

There  was  naturally  found  a  great  saving  in  the  amount 
of  copper  used  in  the  new  system,  which  was  of  great  benefit 
lo  the  consumer.  In  re-wiring  some  old  insinuations  it  was 
not  unusual  to  find  two  or  perhaps  three  No.  oooo  wires  in 
each  side  of  the  mains,  run  in  a  heavy  moulding  from  trans 
former  fi  centre  of  distribution,  the  installation  having  been 
made  in  the  old  days  of  4.j-wait,  5o-volt  lamps.  These  con- 
ditions were  in  marked  contrast  lo  the  small  iron  pipe  run 
from  m.inhole  to  centre  of  distribution,  and  the  three  No.  ii 
wives  thill  were  drawn  into  same  and  supplied  an  equal  amount 
of  energy  us  in  the  case  just  mentioned. 

Aside  from  the  very  material  view  of  the  investment 
saving   under   the    new    arrangement,    there    is  'the    aesthetic 
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riewpoini,  which  Is  much  better  satisfied  in  the  improved 
construction  made  possible  by  the  features  o(  the  present  system, 
which  lend  to,  and  do.  produce  a  neater,  safer  and  more  com- 
pact tnstallaiion. 

The  several  sections  of  the  city  that  were  include!  in 
the  changes  were  served  with  about  50.000  incandescent  lamps, 
icoo  arc  lamps  and  »ooo  kilowatts  in  stationary  motors,  and 
these  insiailations  were  reconstructed  tu  comply  wiih  the 
requirements  of  the  new  system  ;  the  change  from  aerial  lo 
underground  supply,   and    from  alternating- curi^nt  to   dtrcct- 
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current  service,  was  made  without  any  inierierence  with  the 
customer. 

The  commercial  series  arc  lamps  being  replaced  by  mul- 
tiple arc  lamps  of  the  new  type,  the  series  generators  were 
released  from   terviLe  ,it   (be  cenlrid  station. 

The  arc  himp  siluntion  was  at  tint  rather  perplexing,  as 
none  of  the  larger  manufacturers  were  inclined  to  provide 
such  a  tamp  as  was  demanded.  A  local  manufacturer  finally 
produced  a  lamp  thai  wa»  the  forerunner  of  those  which  are 
now  generally  used. 

All  motors  of  the  direct -current  type  are  connected  to  the 
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outside  or  500-voll  wires.  ;tn(l  .ilthough  these  motors  operate 
devices  that  are  subject  to  wide  and  sudden  changes  in  loAd. 
yet  the  lighting  service  is  in  no  way  affected  by  such  disturb- 
ances of  load  condition. 

By  referring  lo  the  diagram  in  Figure  6  the  relative  cop- 
per economies  of  the  voltage  orginally  used  and  the  one  used 
In  jireseui  work  itre  fully  demonstrated.  The  distances  to 
which  any  given  amount  of  energy  may  be  transmitted  at  a 
given  loss  are  also  indicated  in  this  diagram,  and  when  It  is 
recalled  that  the  three-wire  system  under  consideiati'in  has  a 
difference  of  potential  of  500  volts  between  the  outside  wires. 
it  is  plainly  evident  that  a  very  considerable  area  may  be 
covered  economically  at  this  voltage.  For  sake  of  illustra- 
tion, the  area  covered  by  the  Edison  three-wire  system  using 
ii5-v(ilt  lamps  being  assumed  as  a  basis,  the  area  covered  by 
a  system  such  as  described  in  this  article  would  be  16 
times  as  great. 

In  a  central  station  already  operating  a  two-wire.  SQo>volt 
motor  system,  the  addition  of  a  third  wire  is  all  that  is  nec- 
essary to  obtain  an  efficient  and  a  flexible  wiring  system  for 
lighting  purposes.  The  fact,  too,  that  the  same  generating 
apparatus  may  be  used  for  both  motor  and  lighting  service 
Is  no  small  factor  in  the  situation,  the  natural  motor  load 
being  a  day  load,  while  the  lighting  load,  generally  extend- 
ing well  into  the  night,  serves  to  produce  a  very  satisfactory 
load  curve,  particularly  if  a  properly  proportioned  Storage 
battery  forms  part  of  the  equipment. 

The  direct-current  load  curve  of  the  Narraganseit  KIcctric 
Lighting  Company  is  of  such  a  character  that  during  17 
hours  out  of  the  14  a  looo-kw  unit  could  be  operated  under 
advantageous  conditions. 

Owing  to  the  hurried  preparation  of  this  paper,  the 
several  subjcirts  have  not  been  rreiiied  in  as  connected  an 
order  as  the  author  had  originally  intended,  but  before  closing 
a  reference  may  well  be  made  to  the  personal  and  property 
hazard  incident  t<>  a  three-wire,  500-volt  system. 

The  management  of  the  Narragansctt  Electric  Lighting 
Company,  realizing  that  the  public  was  to  be  given  every 
consideration  in  the  matter  of  protection,  laid  the  plan  of  the 
proposed  system  before  recogni;(e<]  uuthorities  on  fire  hazards, 
and  received  their  approval  (or  the  undertaking  of  the  work. 

The  personal  risk  was  also  fully  discussed,  and  it  was  deier- 
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DISCUSSIOK 

The  Pbksiuent:  Mr,  Uami-s"  paper  is  now  open  for  dis- 
cussion. Mr.  Woodward,  have  you  anything  to  say  on  this 
subject  ? 

Mk.  W.  C.  WooDVVAKD  (Providence.  R.  I  ):  Tin*  pa|iCT 
that  Mr.  liarnes  has  read  has  iKcn  in  lite  hands  of  all  the  mem- 
bers here,  and  there  is  very  little  that  i  can  add  to  what  is 
puhlished  in  t)ie  paper  except  lo  confirm  what  has  been  said. 

There  have  been  no  faults  wliatsoevcr  found  in  the  sys- 
tem; even  weak  points  which  we  had  expected  have  not  yei 
appeared,  and  it  is  true  that  the  success  of  the  three-wire,  dtrect- 
currciit,  250-500-volt  system  has  led  to  the  introduction  of  tlic 
same  voltage  on  (he  same  arrangement  with  the  alternating 
current,  and  up  to  the  present  titnc  tliere  has  been  <)uite  k  num- 
ber of  installations  made  on  the  alternating  system  with  the 
three-wire  grounded  neutral.  Although,  of  course,  it  is  more 
unpkasant  to  come  in  contact  with  a  250-volt  circuit  ^an  with 
a  so-volt  circuit,  yet  we  have  had  no  complaint  from  customers, 
either  from  the  point  of  personal  injury  or  of  fire  damage. 
The  building  that  Mr.  Barnes  mentions  as  having  been  wired 
with  a  single  wire  in  the  hranch  circuits  wa>  tile  subject  of 
considerable  discussion.  The  fire  imderwritcrs  were  not  at 
first  agreeable  to  ntvepting  it.  Tests  have  lieen  made  from  time 
to  time  in  this  huildinj;.  but  there  is  zero  potential  at  all  times 
from  neutral  to  earth,  so  we  think  we  have  nothing  to  fear 
from  the  electrolytic  action.  In  order  m  make  the  system  doubly 
safe,  there  was  a  neutral  run  as  a  riser,  but  there  is  no  neutral 
copper  in  any  of  the  branch  circuits,  it  being  purely  a  one-wire 
system  in  the  branches. 

Mk.  G,  M.  WniTKiEiJ>  (Richmond.  Va.) :  Mr.  Marnes 
mentions  that  some  of  the  linildings  were  rewired.  Oid  the 
company  jiay  for  that,  or  tliil  the  consumer? 

Mk,  \Vnoi>wAi(D:  In  our  first  in.^taIlations  the  company 
assumed  the  expense;  in  the  installations  being  made  at  the 
present  time  the  consumer  hears  the  burden. 

Mb.  p.  Junkkrspeui  (Chicago) :  I  have  been  much 
interested  in  the  pa|wr  just  read,  parlinilarly  on  account  of 
the  fact  that  there  are  very  few  of  these  500-volt.  three-wire 
plants  in  this  country.  The  claims  made  for  it  are  interest* 
ing  and  the  scheme  is  one  that  from  a  purely  engineering  stand- 


point  has  much  in  its  favur.  The  commercial  aspect,  after 
investigation,  is  often  less  promisiitg;.  1'he  paper  deals  parttc- 
tilarly  with  the  invirstment  feature  of  the  installation.  1  believe 
it  would  have  been  a  ^ood  thing  if  we  coiihl  tuve  heard  a  little 
more,  perhaps,  about  the  opcraltnf;  features  of  the  system, 
particularly  as  regartU  ihe  difTerecice  in  losses  in  the  250-500 
voli  and  the  more  eoinnion  125-2S0-V0U  syalciiis. 

With  incandescent  lamps  there  is  a  considerable  difference 
in  cost  of  lamps  and  in  energy  loss.  The  Matement  i»  made  in 
the  paper  that  they  rim  3.3  watts  per  candle,  which  is  exception- 
ally good  for  350  volts;  but  even  tliat  makes  a  coi.siderable 
difference  at  the  end  of  the  year  over  3.1-watt.  125-volt  lamps. 
Tlie  arc-lamp  situation  is  even  more  serious.  The  loss 
amounts  to  a  very  considerable  sum  in  tlie  course  of  a  year,  and 
this  energip-  is  a  Bnishcl  product,  delivered  at  the  customer's 
premises,  and  if  the  comixiny  can  market  the  energy  it  is  worth 
whatever  their  average  income  may  be  per  kw-hour. 

.^no^!le^  serious  item  is  meter  loss.  Meier  losses  are 
doubled.  In  place  of  the  ordinary  six-watt  shunt  loss  per 
meter,  there  are  12  watts  lost  due  to  the  doubling  of  the  volt- 
age. The  meter  slip  in  the  course  of  a  year  also  amounts  to 
a  very  considerable  item.  All  of  these  things  are  offset,  it  is 
suggested,  by  the  difference  in  fixed  charges  on  the  invest- 
ment required.  Whether  or  not  this  is  true,  in  part  or  in  whole, 
is  a  matter  for  consideration.  Each  individual  case  must  be 
<:onsi<Iered  by  itself.  It  depends  on  the  area  which,  for  com- 
mercial reasons,  needs  to  be  served  with  direct  current,  and 
the  density  of  load  within  that  area.  If  such  area  is  large 
enough  to  rer^uire,  say,  three  or  more  substations  with  a  prop- 
erly arranged  J25-2So-vott  system,  these  substations  can 
usually  be  located  within  the  denser  [wrtion*,  thus  making  a 
considerable  reduction  in  the  difference  iti  investment.  Tlie 
theoretical  comparison  in  copper  required  tells  only  part  of 
the  Story  in  the  actual  working  imt  of  the  125-250  and  250- 
500-volt  systems.  Tlie  greater  losses  in  the  250-500-volt  sys- 
tem frequently  much  more  than  offset  the  difference  in  fixed 
charges.  Even  un<ier  Siucli  cinumslaiices,  where  the  250-500- 
voll  system  will  apply,  (he  straif^ht  alternating  system  is  a 
serious  competitor.  I  have  no  doubt  that  under  the  condi- 
tions at  Providence  this  system  is  all  right,  but  generally  speak* 
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iti^  ttic  system  s1ioiiI<1  be  applied  with  a  great  ileal  of  care,  and 
imlctts  the  condiliuns  are  riglit  and  unless  the  future  growth 
of  the  eity  is  going  to  he  ilifferent  fruni  that  of  most  American 
dtics,  the  lime  is  likely  ti^  conic  when  the  lowcr-voIiaRC  sye- 
It-m  mi^lil  prove  the  mure  mlvKntageuns. 

Mr.  Louis  A.  Fknuusuk  (Chicago) :  1  shoitUI  hke  to  ask 
Mr.  Itarues  if  these  are  lamps  really  du  give  satisfaction:  if 
the  ettsionieri  are  really  as  well  sulisficti  as  with  the  -suml- 
ard  Umps. 

Mk.  .-\i.i:x  Druv  ( Detroit ) :  I  wish  to  ask  a  qticslion 
that  h  incidental  lu  the  practice  descrihed  in  the  paper. 
although  not  controlIe<I  by  Die  double-voltage  feature  of  tbc 
distrilmtiini,  Mr.  Tames  intlicates  that  in  at  least  one  installit- 
tioti  the  neutral  is  earthed  to  the  ai»iumer'»  premises.  Is  it 
his  intention  to  earth  the  neutral  on  th«  aistomcr's  preiuises 
wherever  ixnuitte^l  to  do  so?  He  describes  the  in^talUtiioii 
as  having  a  copper  neutral  riser,  but  the  neutral  is  liondcd 
to  the  pipe  system  and  the  frame  of  ihc  building.  I  ^nuukl 
anticipate  that  in  a  town  where  there  is  a  street-car  system 
the  establishing  of  the  earths  ai  different  points  of  the  lighting- 
di»iributit>n  system  wouUI  cause  a  considerable  flow  of  strecl- 
railway  return  current  mcr  the  neutral  wires  of  the  liglitluf; 
system.  That  fiow  may  bt-  very  large.  Frctjuently.  in  my 
experience,  it  is  siiflicient  lo  disturb  the  regidation,  and  at 
times  it  is  so  large  as  seriously  to  heal  the  conductors.  A 
case  that  is  constantly  under  my  observiHiun  i*  that  "f  two 
earths  made  on  the  neutral  nf  a  three-wire  system,  a)>out  Sooo 
feet  apart  from  one  another  at  points  Iwtween  which,  during 
the  evening  peak  i>(  the  .«1reet -railway  load,  there  is  a  main- 
tained difference  of  potential  of  lo  volte.  In  that  parlicnlar 
instance  the  effect  is  to  disturb  the  regiilation  very  seriou.'ily: 
cauiiing  unbalancing  of  the  three-wire  system  and  necessitat- 
ing special  provision  being  made  for  balancing  at  the  dif- 
ferent ]K>inIs.  It  might,  however,  cause  not  merely  unbalanc- 
ing and   disturliance  tn   the   lighting,  hut   serious  heating. 

Mr.  WotmwAim:  1  will  answer  the  laul  si)eaker  first,  in 
regard  to  the  neutral  current,  and  will  say  that  the  lead 
sheaths  of  all  our  cables  are  lionded  together  in  every 
manhole,  and  in  every  manhole  there  is  a  grmiiul  plate 
which    is    Iwnderl    to    the    sheaths    and    to    the    neutral,    so 
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that  WT  liavi:  a  contituioiis  copixrr  neutral  and  a  con- 
linuoiu  kad  neutral,  both  of  wlik-h  arc  bonded  together 
ami  to  the  earth;  and  in  several  years  of  i>peralion  we 
have  found  but  one  section  of  the  ciiy — and  that  was  very  near 
to  a  pcunt  where  the  railway  catties  ctxms  the  river — where 
we  have  had  any  discnrhancc  or  where  our  lead  sheath  has 
stififered  to  any  cMcnt.  Tests  have  been  made  at  different 
points  in  the  eily,  and  little  or  no  citrrent  ha«  l>cen  detected. 

1  will  lake  up  some  of  the  items  mentioned  by  a  former 
critic  on  the  snhjecl,  and  first  refer  to  the  i|nestion  of  meter 
slip.  1  understand  that  by  "slip"  the  gentleman  meant  the 
unaccounted-for  meter  current.  I  fail  to  sec  how  there  would 
Ijc  any  more  slip  in  a  joo-vuli  meter  than  there  is  in  a  250-voIl 
meter.  The  matter  of  shinit  current  can  be  definitely  deter- 
mined, and  why  the  meter  should  be  any  more  inaccurate  or 
pivc  rise  to  any  more  unaccounted-for  losses.  1  can  not  sec. 
As  In  the  question  of  the  arc  lamp— the  arc-lamp  situation  on 
104  volts,  direct  or  alternatini;  current,  is  not  perfect.  We  all 
look  for  a  better  lamp.  We  look  for  a  lamp  that  is  more 
economical.  I  will  confess  that  the-  lamp  operated  at  250  volts 
is  not  so  pood  as  one  operated  a1  104  volts;  nevertheless,  it 
ha*  been  (jiiite  satisfaetnry. 

With  reference  to  the  substations — when  it  is  considered 
that  a  sinel"-'  su]istalioii  on  a  ^50-volt.  three-wire  system  will 
cover  16  times  the  area  that  could  be  supplied  from  a  sub- 
station operated  at  104-208  or  t a3-250-vol(.  it  woidd  seem  that 
the  system  nsinjj  the  higher  voltage,  three-wire,  would  he  in 
(freatcr  favor.  Takiiig  the  rehitive  values  of  the  alternating 
and  direct  current,  when  you  consider  all  classes  of  motors  to  be 
«iil>plied  and  all  i-las«e«  of  Itghtiii);.  I  fail  to  see  how  you  can 
serve  the  situation  with  the  alternating  current  at  all  times 
when  you  swrely  can  with  the  direct  current.  I  do  not  know 
of  a  sinsrle  central  station  supplyinp  a  larRc  area,  where  they 
have  variable- speed  motors,  that  has  been  successfully  covered 
by  the  alternating  current. 

Mk.  Artiiir  Wit.i.TAMs:  May  1  ask  of  Mr  Wooilward 
how  the  insurance  authorities  have  looked  upon  the  wiring  of 
the  I'nioii  Trust  Building,  without  neutral  on  the  branch 
circuits? 

Mr.   Doiir.RTv:     There  is  rm?  point  that   T   wiali   to  have 
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covered.  Mr.  Woodward  says  he  fails  to  see  where  a  con- 
tinuous slip  would  conic  in  oii  tlic  meter  on  the  higher  voltage. 
The  torque  on  the  meter  is  proportional  to  the  amperage,  and 
as  you  are  supplying  current  at  double  voltage  the  slip  would 
l>e  twice  as  mucJi  on  a  high-prL-sstirc  mvtcr.  As  an  example 
of  what  shunt  losses  may  amount  lo,  1  might  cite  one  of  our 
altcrnatinu-ourrcnt  circuits  at  Madison,  where  the  shunt  losses 
amount  to  more  than  Ilic  core  losses  of  the  transformers, 

Mr.  p.  G.  Gcsst.ER  (New  York):  I  notice  that  in  the 
mstancc  given  of  the  wiring  of  the  Union  Trust  Company 
Building  all  the  tap«  are  single  wire,  the  metal-pipe  sy»iem 
of  the  bnilding  being  used  as  a  return  conductor.  I  would 
ask  what  the  practice  is  in  those  buildings  that  do  not  have 
metallic  frainea.  Is  the  pil>ing  .'^ys1em  relied  on  entirely  (nr  llie 
return  for  the  ground? 

Mh.  WooowARii:  By  no  means:  Wt  we  lake  the  piping  sys- 
tem of  an  old  installation  and  wire  on  that.  A  rewired  instal- 
lation, a  revamped  installation,  would  have  a  neutral  copper 
as  the  third  wire  in  the  ihree-wire  system  and  as  the  second 
wire  in  all  branch  circuits.  The  building  cited  was  a  new 
biiikling  and  the  wires  were  connected  in  the  tnanner  described 
more  as  an  experiment  than  anything  else. 

In  answer  to  Mr.  Williams'  question  on  the  insurance  ptrint, 
the  »uhjecv  was  brought  up  to  the  insurance  people  and  was 
talked  over  with  them,  its  various  phases  were  considered, 
and  it  was  not  until  we  had  a  real  heart-to-heart  talk  and  had 
threshed  out  to  their  satisfaction  and  our  own  all  the  points 
brought  up — it  was  not  until  thai  lime  that  the  system  was 
put  in  operation.  Hie  insurance  companies  have  made  no 
adverse  comments  from  that  time  to  the  present. 

Mb.  /.  H.  HAU.BEBG  CNcw  York):  Mr.  Ferguson's  qucs- 
tioii  in  regard  to  the  commercial  success  of  the  twin-carbon 
arc  lamps  thai  are  used  in  Providence  should  have  funher 
consideration,  .Mwut  one  year  ago  I  had  the  pleasure  of  dis- 
cussing the  twin-carbon,  2,10-volt  arc-lamp  situation  with  Mr. 
Bame».  who  at  ihal  time  was  looking  for  an  improved  type  of 
multiple  arc  lamp  for  350-vDlt  service.  My  personal  impres- 
sion is  that  the  double-carbon,  250-voIt.  multiple  arc  lamp  as 
used  in  Providence  may  prove  satisfactory  under  certain  con- 
ditions, but  it  Is  bv  no  mean.1  a  satisfactorv  solution  of  the 
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KO-vylt  arc-lighliiig  proI»Icm,  I  would  ask  Mr.  Uarnts  if 
be  docs  iiot  find  it  necessary,  iii  order  to  satisfy  ionie  of  bi$  cus- 
tomers, to  use  two  arc  lamps  in  series  on  his  250-volt  circuits. 

Mb,  Woodwarr:  We  have  no  such  instance  wliere  we  liave 
two  arc  lamps  in  scries ;  wc  have  not  done  it  at  all. 

Mr.  Hallbebg:  Then  the  understanding  is  that  the  Frov* 
Ideiicc  company  furnishes  only  twin-carlxm  lani|)$  or  the  stand- 
ard niulliplc  i.5-ampcre,  J50-V0I1  arc  lamp,  and  its  customers 
can  be  satisiied  by  eitlier  one  or  the  other  of  these  lamps. 

The  matter  is  of  considerable  importance  to  operators  of 
250-volt  plants,  inasnmch  as  it  has.  »s  a  general  rule,  been  found 
necessary  to  use  twp  arc  lamps  in  series  on  250  volts  in  order 
to  satisfy  fustomers.  The  twin-carbon,  350-volt  arc  lamp 
may  give  satisfaction  in  a  case  of  absolute  necessity,  but  this 
style  of  lamp  is  an  undesirable  addition  to  the  central-station 
equipment,  not  only  on  account  of  the  special  care  re()uired 
in  its  adjuslnicnt,  hut  because  its  successful  operation  after  it 
has  been  properly  adjusted  depends  upon  the  diameter  and 
»oftne»s  of  the  carbons.  / 

The  clutches  in  the  twin-carbon  arc  lamps  are  operated  by 
one  magnet  core  and  must  lift  both  carbons  to  the  same  height 
at  the  same  instant  if  satisfactory  illumination  is  expected.  It 
is  difficult  to  get  carlxins  of  equal  diameter  and  softness  nee- 
cssary  with  this  form  of  lamp,  and  if  one  clutch  should  wear 
more  than  the  other  there  will  be  a  difference  in  the  pick-up  of 
the  carbons  and  i>ue  arc  will  be  longer  than  the  other;  which 
will  also  he  the  case  if  one  carbon  is  smaller  in  diameter  or 
softer  than  the  other. 

Mr.  Ferc.uson  :  I  think  that  if  Mr.  Barnes  and  Mr,  Wood- 
ward would  explain  the  lamp,  we  should  better  understand  it. 
I  think  that  many  of  \\*  do  tiot  clearly  understand  what  the 
lamp  is. 

Mk.  WooDW,^Rl):  There  seema  to  be  a  little  doubt  as  to 
what  lamp  was  meant,  but  if  Mr.  Barnes  did  not  make  it  clear 
1  will  endeavor  to  do  so.  The  lamp  is  simply  one  that  lias 
four  carbons;  the  two  sets  of  carbons  being  operated  in  series, 
so  that  the  two  arcs  arc  burning  in  a  single  inner  globe.  The 
difference  of  potential  across  each  arc  is  approximately  75  10 
80  volts,  so  the  sum  of  the  arc  voltage  is  about  150  to  160  volts; 
that  is,  the  lamps  are  used  in  multiple  on  250  volts  at  about 
2.S  amperes  per  lamp. 
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I^Fercuson  :  What  is  the  difference  between  thai  lamp 
and  I  wo  lainpx  in  scries?  You  say  the  lamps  take  Ho  vulle 
across  the  arc  and  (here  inu&i  lie  two  in  series. 

Mk.  \Vo<)UWaki>:  There  comes  up  this  point:  If  you  have 
a  cusionicr  who  desire*  <Kily  one  art  lamp,  it  will  he  necesKiry 
to  find  sonic  place  to  use  the  energ>-  that  would  ordinarily 
litr  taken  with  iHe  wther  lamp  in  series  with  the  one  the  eus- 
toiner  rc(Hli^e^.  Vi>ii  am  not  a>k  him  in  ]wy  i<)r  ik-a<l  current 
constuiicd  in  a  rheostat  or  sonic  device  hkc  tliat.  so  instead  of 
having  two  types  »ve  have  une  type,  and  ii  customer  wanting 
init  one  lamp  is  siipphed  with  one. 

Ma.  JuxKRKspiii^:  In  one  case  you  sell  the  customer  two 
lamps  in  the  same  (jlolie.  and  in  the  other  case  you  sell  one  nf 
thesi'  lamps.  Where  you  sell  the  mstonier  one  lamp  in  litis 
same  gloI>e,  sonic  one  loses  the  energy  that  might  run  the  other 
lamp.  It  costs  the  central  station  no  more  in  cncrgj-  to  sup- 
ply the  douhle  575-watt  than  the  single  J90-watt  lamp.  It 
you  are  fortunate  enough  to  have  a  customer  to  take  both,  you 
gi't  a  return  for  all  the  energj .    Do  I  imderstand  you  correctly  ? 

Mr.  Woodwari>:  If  you  will  refer  to  the  paper  you  will 
see  that  the  energy  in  each  lamp  is  S75  watts.  It  would  be  the 
same  if  yon  used  two  lamps  in  series.  Yon  have  the  same 
energy  in  two  arcs  llial  you  would  have  in  one  arc.  with  the 
single  latnp^  In  our  case  we  use  the  lesser  current  and  use 
two  arcs  in  series,  whereas  in  the  case  you  cited  you  would 
have  about  live  amperes,  twice  the  onergy,  and  the  lesser  vollagc. 

Thb  PsESiiffiN'T:  Ai  I  understand  it,  he  uses  2.3  ampere* 
and  n.ses  it  twice,  and  gets  the  same  watts  as  if  he  had  twice  the 
amjicrage  in  one  arc. 

CAPTAtN  William  ItKoniY  (Ilosion):  Referring  back  to 
the  Union   Trust   Company   Building — that   is  an   iron   frame? 

Mm.  VVoiHiwAKO:    Yes,  sir. 

C.MTAtN  Bropiiy:  Yon  connea  .vour  neutral.*  to  the 
frame  and  use  the  frame  for  one  side  of  the  taps,  and  connect 
the  neutral  to  the  conduit  system  inside  the  building?  Y'ou 
carry  two  cables  into  the  building  from  manholes  iti  iron  ducts? 

Mr.  WiMii>\v.\Bii:   Yes,  sir. 

Caitain  Bkui'IIY  :  So  that,  »o  far  as  grounding  there,  it 
ends  between  the  building  and  the  last  manhole.  Now,  have 
you  ever  had  half  the  lights  go  out,  so  as  to  throw  the  load 
00  li>  the  neutral? 
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Mr.  Woodward:  It  is  a  three-wire  system,  with  three 
cables  entering  the  building.  The  point  should  have  been  made 
clear  that  the  neutral  was  continuous  from  the  point  of  sup- 
ply to  the  point  of  use.  It  was  emphatically  stated  that  it  was 
continuous ;  and  by  "continuous"  is  meant  that  it  was  metal- 
lically continuous— that  is,  a  continuous  copper,  no  fuse  at  all. 
ft  would  be  impossible  for  one  side  of  the  system  to  be  inter- 
rupted by  reason  of  any  trouble  in  the  neutral.  The  neutral 
is  continuous  at  all  times. 

Capt.mn  Rroi'Hy;  One  fuse  in  one  side  of  the  system 
might  blow,  and  in  that  event  your  neutral  would  come  into 
play? 

Mr.  Woodvv.^ri):  If  a  fuse  on  one  of  the  wires  happened  to 
blow,  the  lights  would  go  out. 

Captaik  Hmn'uv:    Did  that  ever  happen? 

Mh.  Woodwakd:    It  never  has  happened. 

Capt.\in  BroI'IIv:  Then  the  only  ground  you  have  is 
the  lead  sheathing  back  to  the  station? 

Mr.  Woodward:  The  ground  is  the  copper  conductor  of 
the  neutral,  the  lead  sheathing  of  the  entire  cable  system,  and 
the  grounded  points  at  every  manhole. 

Cai'Taix  Bkui'HY  :    These  cables  are  in  ducts? 

Mr.  WiMjDWAHiir  In  the  streets.  The  service  wires  are 
in  iron  pipes. 

Cai'tain   Bkoi'Hv:    The  main  ducts  are  clay? 

Mr.   Woodward:    Yes.  sir. 

CaI'T.Mn  nRoi'HV:  In  other  buildings,  where  you  have  no 
iron  frames,  how  do  you  groun<l  your  neutral  in  the  building? 

Mr.  Woodward:    The  neutral  is  a  copper  neutral  in  such 
buildings ;'attbough  we  advocate  grounding  at  all  ]>ossible  points' 
to  the  water  or  steam  system  of  the  building,  the  copper  neutral 
is  always  sufficient  in  such  cases. 

Captain-  Broimiv:  My  contention  is  that  when  it  is 
grounded  on  the  water-pipe  it  is  no  ground  at  all,  as  the  word 
"ground"  is  understood.  It  is  connected  with  a  mass  of  iron 
pipes  capable  of  carrying  away  the  current,  and  the  potential 
of  this  pipe  is  increased. 

Mr.  Woodw,\rd:  We  do  not  trust  to  the  pipe  system 
entirely;  we  simply  make  assurance  doubly  sure  by  asking  them 
to  connect  to  grounded  points  where  possible:  but  the  copper 
conductor   in   the   neutral    wire   is   alwavs   sufficient. 
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Captain  Bkophy:  In  other  words,  in  grounding  any  neu- 
tral wire,  or  the  secondary  of  any  transformer  system,  in 
order  to  secure  any  degree  of  success  it  is  necessary  to  con- 
nect with  the  water  system ;  and  driving  a  stake  in  the  ground 
and  expecting  to  carry  any  amount  of  current  through  the 
ground  is  wrong — it  can  not  be  done.  Grounding  in  the  man- 
hole is  an  unnecessary  proceeding,  as  you  will  find  that  no  cur- 
rent passes  away  at  that  point. 

Mr.  Woouwakd:  As  stated  in  the  paper,  every  precau- 
tion was  taken,  and  possibly  we  were  overcautious  and  did 
not  need  to  put  the  grounds  in  the  manhole;  nevertheless,  they 
were  put  there,  in  order  to  make  the  neutral  ground  as  abso- 
lute as  possible. 

Cai'tain  Ehopiiy:  I  believe  that  the  term  "grounding  the 
neutral,"  so  called,  is  a  misnomer;  it  is  wrong  to  say  it  is 
grounded.  But  in  every  case  it  should  be  connected  with 
the  water-pipe  in  the  system;  otherwise  it  is  not  worth  anything. 

Mr.  Woodward:    That  is  a  matter  of  opinion. 

XIk.  E.  V.  Matlack  {St.  Louis);  We  have  a  system  in 
St.  Louis  similar  to  this,  except  that  we  carry  240-480  volts. 
Our  neutral  in  the  underground  conduits  is  the  lead  sheaths 
of  the  two-wire  cables — nothing  else.  In  the  houses  we  carry 
the  three  wires  as  usual.  The  neutral  wire  is  wiped  on  to  the 
lead   sheath   of   the   two-wire   service   cable. 

We  have  no  service  boxes  in  the  manholes,  the  two  con- 
(hu-tors  of  the  cables  being  sweated  together,  insulated,  and 
covered  with  a  lead  sleeve  wiped  on  the  cable  sheaths;  thus 
making  an  uninterrupted  neutral  back  to  the  middle  of  the 
storage  battery.  We  have  had  no  trouble  after  three  years' 
successful  operation. 

TiiK  pKrsiiJKN'T:  We  will  close  the  discussion  on  this 
paper  and  take  np  the  paper  on  "The  Luminous  or  Flaming 
.\rc,"  bv  Mr.  Welles  E.  Holmes,  of  Newton.  Massachusetts. 


Mr.  Holmes  read  the   following  paper: 

THE   LUMINOUS  OR   FUMING  ARC 


The  suhject  that  t  present  for  your  consideration  is  a 
system  of  lighting  by  the  use  of  a  new  and  improved  arc 
lamp  lately  broiiglit  out  by  the  General  Electric  Company,  of 
Schcn»'t<tdy.  In  tliis  puper  I  shall  Iry  to  interest  you  with  a 
description  of  the  lamp,  the  generator,  and  the  resiilli,  not  of 
a  factory  test  under  best  and  njost  favorable  conditions,  but 
under  actual  commercial  condttiuns,  as  1  have  been  operating  5omc 
3D  of  these  lamps  tn  connection  with  the  plant  of  the  New- 
ton and  Watertown  Gas  Light  Company  for  about  six  months, 
the  lamps  having  displaced  30  of  the  old  open  arcs  on  one 
of  our  circuits.  Let  me  state  that  I  think  this  is  the  first  instal- 
lation of  the  "luminous  arc"  lamp  for  strictly  commercial 
purposes. 

It  is  well  known  to  you  all  that  the  defiifn>  and  produc- 
tion of  electric  generatnrs  has  reached  so  high  a  state  of  effi- 
ciency as  to  leave  little  to  be  hoped  for  in  the  way  of  any 
marked  iinrease  along  this  line.  We  have  arrived  ai  a  point 
where  wc  must  look  elsewhere  in  order  more  economically  to 
mm  our  energy  generated  into  useful  light.  We  have  but  one 
other  place  to  look  and  that  is  to  the  lamp  itself.  The  rec- 
ognition of  this  is  the  cause  of  the  advent  of  the  luminous  arc. 

In  order  that  you  may  with  more  satisfaction  follow  the 
details.  I  have  had  hung  up  here  one  of  the  luminous  arc 
lamps.  Vou  will  .«ee  ihai  it  ii  an  open  arc:  thai  is.  there  is  no 
inclosing  inner  globe,  the  exclusion  of  the  air  not  being  dqjcndc'l 
upon  as  a  factor  in  the  life  of  the  electrrnles:  except  for 
its  chimney  top.  the  general  appearance  is  not  unlike  that  of 
other  arc  lamps,  the  outer  globe  performing  the  same  office  as 
has  been  customary  heretofore. 

The  lamp,  noth withstanding  the  fact  of  its  being  an  open 
arc,  is  a  long-burning  lamp,  the  electrodes  having  a  life  of 
.iboiit  150  hours.  In  designing  the  lamp  it  early  became  evident 
that  some  .lubstancc  or  combination  of  substances  must  be  used 
lo  produce  an  electrode  of  long  life,  low  cost  and  good  coiiduc- 
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livity.  and  to  Ok  clicniical  research  of  Dr.  Stcinnieiz,  of  the 
General  l^lccirii-  fomiKiny.  wc  are  indebted  for  the  magnetite 
stick  which  forms  ihe  lower  and  iiccTitive  elecirotle  of  this  lamp 
This  stick,  as  its  name  implies,  is  made  of  magneliic  but  may  lie 
TOmpounded  with  olher  siit>slanees  lo  oblaiii  a  desired  result.  We 
liavc  l)e«i  from  ihc  start  <'\pcrimeiitiiiR  with  iliffcreiuly  coin- 
[iounde<l  slickti,  !i<>me  of  llu-iii  Iwing  solid  like  a  section  of  slecl 
roil  and  others  being  ina<lc  by  inclosing  powdered  magnetite 
in  a  thin  in>n  sheath.  CJf  the  relative  merits  of  the  two  I  slwitild 
say  thai  the  filleil  jiick.  or  the  »lick  made  by  filling  a  sheath 
willi  the  magnetite  compound,  has  given  the  best  results. 

Tile  life  of  tlicse  sticks  lias  varied:  purposely  so.  because 
of  the  fact  that  this  si.s  month*'  nni  ha*  litvti  wholly  exijeri- 
mmtal.  We  have  tried  half-inch  sticks  and  livc-eighlh-incb  sticks. 
Taking  the  half-inch  slicks  wv  find  them  varying  from  fi^  Ivmrs" 
IIXJ5  hours'  life.  On  the  five-eit;luli-inch  stick  we  have  already 
obtained  an  average  life  of  182  hours  with  a  maximum  on  an 
imlividual  stick  of  2.1 1  hours,  so  that  it  now  seems  i)os«ibIe  to 
produce  a  Stick  with  an  average  life  of  20a  hours.  Jn*l  at  pres- 
ent we  are  using  a  half-inch  slick,  having  obtained  an  uvcnige 
life  of  roo  hours  from  it.  liefore  k-aving  the  subject  of  ntag- 
iietite  sticks  I  would  say  that  wc  can  be  assurerl  of  llic  supply 
i>f  this  article,  as  il  is  a  verj-  common  iron  ore,  PrnnsyU-ania 
being  the  largest  producer,  followcl  by  N'cw  Vork  and  Xew 
Jersey.  The  total  yearly  amount  mined  in  the  t'nilcil  States 
iti  nearly  2.000,000  Ions,  the  averagi;  value  per  ton  at  the  mine-t 
being  S2.24.  and  (be  magnetite  stick  from  llie  General  Klectric 
Comi»any  is  to  cost  us  S50  per  ihousand.  or  five  cent*  for  each 
trim. 

For  the  upper  or  positive  ek-ctri>de  we  bavi-  iwo  setfineiits 
of  copper.  One  segment,  which  I  will  call  ihc  striking  scgmcni 
fnim  the  fact  that  the  arc  is  struck  by  contact  with  il.  is  niatlc 
of  cast  copper;  the  other  segment,  made  nf  rollc<l  c(y\i\teT.  I  will 
call  the  burning  segment,  for  the  reason  that  the  arc  does  not 
burn  where  it  is  struck,  but  the  two  st-yiunn*  chante  |)laces.  as  it 
were,  afler  the  lamp  is  started;  the  reason  for  this  cIiaiiRc  I  will 
explain  under  "operation." 

This  positive  burning  electrode  nf  rolled  copper  does  not 
consume  away,  but.  rather,  is  inclincil  lo  increase  ni  weight,  due 
10  the  deposit  of  oxide  from  the  negative  magnetite  slick. 


Coming  now  to  the  operation  of  the  system  we  have  a 
(liri'ct-ciirrcnt  lamp  requiring  four  amperes  and  So  volts,  and 
having  no  four-ampere,  direct-current  generator  wc  cut  down 
the  current  strength  of  a  multi-circuit  Brush  generator  from 
6.8  to  four  by  passing  sume  of  the  current  through  a  rheostat 
and  letting  ihc  regulator  do  the  rest.  This  is  successfully  tjone, 
hut  wc  at  first  tried  to  run  the  lamps  on  34  amperes,  and  -.vhen 
cutting  the  generator  down  to  this  figure  it  made  the  field  so  weak 
as  to  be  unstable  for  good  practice,  sometimes  causing  the  gen- 
eralnr  to  "die"  during  its  run;  the  arc  in  the  lamps  was  also 
unsteady  at  3.4  amperes. 

It  seemed  best,  then,  to  use  four  amperes  as  the  current 
slrcnglh.  and  the  General  Electric  Company  is  now  building 
direct -current  generators  of  the  Brush  multi-circtiit  type  and 
wound  for  four  amperes  in  100-125  ^"^^  150-light  sizes.  These 
machines  have  an  efficiency  of  about  89  per  cent  and  regulate 
one  ampere  cither  way  from  four.  It  is  obvious  that  a  gen- 
erator wound  for  this  current  strength  will  be  much  mire 
efficient  than  our  present  practice  of  using  up  the  undesirable 
I>ortion  of  the  6.8-ampere  current  by  means  of  a  rheostat. 

The  action  of  the  lamp  is  as  follows:  When  slarlciJ.  ihe 
pick-up  magnet  draws  the  magnetite  stick  up  until  it  strikes  the 
cast-copper  or  striking  segment  before  referred  to.  and  immedi- 
ately falls  away  to  its  burning  position  about  one  inch  below 
the  copper,  at  the  same  time  drawing  its  arc.  The  striking  seg- 
ment then  draws  away,  the  buniing  segment  ^aking  its  jilace. 
the  arc  following  from  one  segment  to  the  other.  In  the  action 
of  changing  segments  the  arc  is  not  interrupted,  as  the  distance 
between  the  magnetite  electrode  and  these  segments  is  main- 
tained the  same  by  reason  of  the  segments  swinging  in  the  arc 
of  a  circle.  The  lamp  now  burns  with  an  arc  about  one  inch  long, 
and  a  fine  smoke  is  given  off  by  the  magnetite  electrode,  which 
smoke  is  taken  care  of  liy  the  rhinmey  occnpying  the  central 
portion  of  the  lamp.  The  lower  opening  of  this  chimney  is 
immediately  over  the  arc.  the  top  of  the  chimney  being  oiwn  to 
the  air  and  provided  with  proper  rain  shield.  On  account  of 
this  smf^ing  characteristic,  the  lamp  may  not  be  used  for  inside 
work  unless  wc  are  sometime  to  be  provided  with  a  smoke-con- 
suming device  that  will  fake  care  of  this  "bad  habit." 

Some  of  this  smoke  or  oxide  dust  is  deposited  on  the  bum- 
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iny  flpctwwl^fr  rolled  copper  in  the  form  of  a  fine  powder. 
t(  ihii.  dusl  were  dcpoiilcd  on  llie  ittriking  dcclnidc  it  would  be 
liable  to  prevent  the  lamp  striking;  its  own  arc  again  after  it  had 
Planed  llie  first  tlmi-.  TlK-rcft>re  it  is  seen  that  the  striking 
ck-otrodc.  I»y  reason  of  its  drau-inj;  away  after  liaviiig  struck  it« 
arc.  is  always  maintained  in  a  clean  condition  for  striking  the 
arc  again,  while  the  rolled  copper  or  burning  flectnxle  may 
become  covered  with  dnst  without  in  any  way  affecting  tlic  ahility 
of  the  lainp  to  strike  its  arc  as  many  times  during  the  night  as  it 
may  go  out. 

JiiM  over  the  arc  and  lilling  aronnd  the  base  of  the  chimney 
is  a  nickel  reflector  inside  the  glnhc.  In  our  observations  of  the 
lamp,  this  reflector  is  found  to  add  about  lo  per  cent  to  the 
light  dijilrihiiled,  and  on  account  of  tfie  arc  l)eing  fixed,  this 
small  reflector  gives  better  results  than  woidd  the  larger  (■eflect- 
or$  commonly  used. 

In  treating  of  comparisons  I  use  only  the  watts  at  lamp 
terminals.  Our  question  now  is  this:  Does  this  ^ao-wail 
hmiin(>n!>  arc  Inmp  give  more  light  than  any  one  of  the  follow- 
ing lamps  ? 

j40-<*im.  6.8-ainper«.  often -«rc. 

460      "    6.6  icrles  direct  Incloteil, 

460      "    7.5       "        Alicrnatlnn  inclo«rd. 


My  answer  is  that  it  docs,  but  only  by  a  small  margin.  We 
have  determined  this  by  ilie  luminumeter. — a  simple  iiiMrumcnl 
for  com[>anng  the  »lroiiglh  of  ilhunination  at  points  distant  from 
the  lamp  by  reason  of  the  light  being  thrown  upt^n  a  printed 
caril  within  the  instrument — and  finil  that  this  card  with  a  certain 
sized  ty\K  is  readable  to  to  15  feet  farther  in  the  case  of  the  320-^ 
watt  luminous  arc  than  it  is  with  any  one  of  the  other  limpK* 
mentioned. 

With  so  small  a  margin  of  light  to  its  credit,  wherein  lies, 
then,  the  advantage  of  this  lamp?  It  is  in  the  average  distance 
at  which  we  are  ,'ible  to  read  this  card  in  the  luminometcr.  Tak- 
ing either  of  the  460-watt  lamps,  their  maximum  readable  dis- 
tance was  335  feet  while  their  minimum  readable  distance, 
because  of  their  varying  arc,  was  about  180  feci,  giving  their 
average  readable  distance  a$  267  feet:  while  with  the  320-w»tl 
luminous  arc.  the  maxiumm  readable  distance  was  350  feel,  the 
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ininiirium  300  feet  aiid  the  average  325  fed.  We  therefore  see 
ihai  the  j>erceiuage  of  variation  between  maximum  and  mean 
and  minimum  and  mean  is  in  tlic  litininons  arc  about  eight  per 
cent  but  in  the  carlKjn  arc  about  y^  per  cent,  and  the  avcrag©- 
candlc-prnv'.T  of  the  320-watt  Itiniinous  arc  lamp  is  better  than 
tltat  of  the  other  lamps  considered, 

I  have  given  yon  the  ainonnt  of  cnergj'  expepded  at  lamp 
for  a  result  in  candle-power  as  above  shown.  ll>c  difference 
between  320  waits  over  460  being  a  verj'  appreciable  saving. 

Vou  have  in  the  case  of  the  luminous  arc  an  illumination 
of  one  foot  per  watt  expended  and  in  the  carbon  arc  an  illumina- 
tion of  about  .53  foot  per  wait  expended,  and,  further,  the  reduc- 
tion in  C.R  In&s  is  certainly  an  item  to  be  considered,  for  our 
line  loss  per  mile,  say  No.  6  wire  and  7.5  amperes,  would  be 
about  120  waits,  while  in  the  foiir-ampere  circuit  about  40  watts 
per  mile,  a  saving  of  80  watts  for  the  luminous  arc. 

As  to  the  maintenance.  1  think  I  have  already  slated  that 
the  magnetite  .sticks  are  to  cost  $50  per  thousand.  There  is  no 
expense  fur  inner  globes  or  washing  same.  The  outer  globe  is 
the  sanie  standard  article  you  now  buy.  Tlie  expense  of  the 
lamp  repairs  should  be  no  more  than  at  present,  as  the  lamp  is 
not  delicate  or  complicated  in  its  mechanism.  The  globe  pan 
with  its  consequent  shadow  is  somctliing  we  still  have  to  keep, 
but  this  sha<low  can  be  in  a  great  measure  eliminated  by  tlie  use 
of  ;i  half-ground  g]oI>e.  We  must  liave  a  perforated  globe  pan. 
as  tlie  lamp  is  dependent  on  snmc  slight  draft  to  carry  the 
pro<lucls  of  combustion  up  the  chinniey  ;  stopping  this  draft  . 
will  result  in  coating  the  globe  with  the  red  oxide  given  off 
by  the  magnetite  stick. 

in  conclusion.  1  would  .say  that  I  have  at  Watcrtown.  Mass.. 
30  of  the  latest  type  of  this  lamp  burning  every  night,  and 
Kfr.  Edgar,  our  president,  wishes  me  to  extend  to  you  all  an 
invitation  to  see  them  ui  operation. 


DISCUSSION 

Mk.  .\.  II.  Manwahing  (Philadelphia) :  I  $Jiould  like  ver>- 
much  to  ask  Mr.  Holmes  as  lo  the  maximum  and  minimum 
voltage  of  the  arc  obtained  in  this  form  of  himp.  He  mentions 
an  So-volt  arc.  but  docs  not  specify  whether  tliis  is  the  striking 
voltage  or  the  feeding  voltage.    I  would  also  ask  if  a  satisfac- 
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tory  arc  can  be  maintained  at  a  variation  of  two  ampercA,  as  it 
is  stated  lliat  the  regulation  of  the  gi^crator  is  one  ampere 
each  way  from  three  amperes. 

As  to  the  coating  of  the  globe,  wc  have  made  some  exjwfi- 
ments  with  the  flaming-arc  lamj)  and  wc  found  that  the  globe 
became  coaicd  with  red  oxide,  which  we  were  unable  to  remove. 
Will  Mr,  Holmes  kindly  inform  us  as  to  the  amount  of  air 
space  necessary  in  the  bottom  of  the  globe  in  order  to  avoid 
the  coating  mentioned? 

Mr.  Hoi.ues:  The  vnliage  at  the  arc,  so  far  as  our  meas- 
urements go,  is  shown  to  be  80.  with  very  lilile  variation. 
As  to  the  (]uestion  of  the  regulation  of  the  Brush  machine,  my 
statement  on  that  m.iy  be  misleading;  it  wns  not  meant  that  the 
machine  would  not  regulate  except  one  ampere  cither  way  froni 
four.  That  wa.*  the  range  of  Ihe  machine.  The  regulation  of 
the  machine  can  be  kept  at  four  amperes  or  be  varied  so  aa  10 
go  up  to  live  or  varied  so  as  to  go  hack  to  three;  so  that  you  can 
burn  the  lamp  on  three,  four,  or  five  amperes.  That  is  not  a 
characteristic  of  the  machine — not  this  particular  machine;  the 
machine  will  not  vary  in  its  regulation  that  much  when  set 
for  four  amperes. 

As  to  the  dust  or  coating  on  the  globe^the  holes  in  the 
globes  that  wc  first  used  were  on  the  side,  so  when  the  wind  blew 
through  the  holes  it  caused  the  cojiper  dust  to  collect  on  the 
globe.  From  our  experience  we  concluded  that  the  lamp  needed 
a  strictly  upward  draft,  and  in  our  next  globes  wc  had  the  globe 
opening  indented  and  hole*  drilled  in  the  indented  portion  so 
that  the  side  wind  c>>uld  not  be  blown  into  the  globe  pan  but 
must  come  up  from  ihc  bottom,  and  that  ha»  remedied  the 
diffinilty  that  we  at  first  experienced  through  the  coaling  of 
the  globe  with  the  red  oxide. 

Mb.  M.  E.  TuitsuB  fCleveland) :  I  ask  Mr.  Holmes  in 
what  direction  the  maximum  is  from  the  horitontal,  and  if 
in  making  Ihc  comparison  with  the  other  arc  lamps  the  heights 
of  Ihe  lamp  above  the  ground  were  taken  into  consideration, 
so  as  to  make  a  proper  comparison  ? 

Mtt.  Holmes:  The  heights  of  ihe  lamp  were  taken  as  we 
foutid  them  to  average  over  a  large  number  of  tests.  I  cmn 
not  give  the  exact  height  of  the  different  lamps,  but  they  were 
taken  as  we  found  them  in  the  municipalities  in  and  about  New- 
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toil  and  Bostun.  TIic  maxiiiiuni  direction  was  Iiorizontal,  and 
the  IiKtii  has  been  ilic  iir»rc»t  appruach  to  sunlight  of  any 
arc  lamp  that  wc  have  had. 

A  MEMriEtt:  1  Ask  huw  the  globe  and  the  light,  as  ref^ards 
color,  have  been  affected  by  ihe  ditT«rent  experiments  on  the 
magnetite  composition?  'Hiat  is,  although  Mr.  Holmes'  last 
ranark  perbapt  touched  upon  that — the  light  at  present  being 
the  nearest  approach  to  sunlight  in  the  arc  lamp — 1  want  to  know 
to  what  extent  that  quality  is  variable  in  the  composition  of 
the  magnetite  stick. 

Mr.  lIoLMKs:  That  effect  is  dependent  upon  the  compo- 
sition of  the  magnetite  stick.  Those  of  you  who  were  at  the 
convention  of  the  Association  of  Edison  Companies  at  the 
l*housand  Islands  saw  Dr.  Stcinmctz  vary  the  color  of  the 
magnetite  sticks  by  dilTerent  compo«ilion$.  It  is  possible  to  vary 
the  color  of  the  rays  of  light  in  this  lamp  by  different  com- 
pounds in  the  composition  of  the  stick.  The  General  Electric 
Company  is  experimenting  in  this  direction  so  as  to  give  us  a 
stick  that  will  come  as  near  to  producing  daylight  as  is 
possible. 

Mr.  John  F.  Dusman  (Baltimore) :  Mr.  Holmes  has  told 
us  that  wc  must  have  a  certain  shaped  pan  to  the  globe.  Could 
not  that  be  done  away  with? 

Mb.  Holmes:  Wc  have  not  tried  the  incloscd-bottom  iflobc. 
It  might  be  done  away  with  by  the  use  of  the  inclosed-bottom 
globe  if  yoti  have  the  vi.-ntila(i<>n.  But  there  are  hot  particles 
from  the  niagiictitc  which  might  have  a  bad  effect  on  the  incloscd- 
bottom  globe. 

A  Mkmhkr:  To  what  extent  is  the  lamp  afTecled  on  very 
windy  nights,  as  compared  with  calm  nights?  The  pan  being 
perforated,  necessarily,  in  order  to  give  an  upward  draft,  to 
what  extent  i»  thai  draft  affected  on  very  windy,  stonny  nights; 
jiarticularly  windy  nights? 

Mr.  Hoi.iiKS:  With  the  globe  pan  wc  now  have  we  have 
no  trouble  in  that  way,  the  difference  between  a  windy  and  a 
calm  night  not  bcmg  noticeable  to  us.  Before  we  had  the  present 
^obe  pan  we  were  troubled  by  the  lanip  kicking  a  great  deal, 
caused  by  the  draft  making  the  arc  unsteady  and  cutting  out. 

Mb.  S.  G.  Khohes  (New  York):  1  ask  if  Mr.  Holmes 
lictpates  any  trouble  from  corrosion  or  oxidation   from  the 
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iiiL-uIiic  fumes  Riven  off  by  tlie  niagnctiie  on  the  mechanism  o( 
the  Uuiip. 

Mn.  Hoi-MKs:  The  chimney  goes  through  ihc  entire  lamp. 
Tile  mechaiiitmi  of  the  lamp  is  not  exposed  at  all  to  the  funics 
ot  the  magnetite  or  copper — not  in  any  way ;  the  fumes  go  straight 
up  through  the  chimney  and  gn  out  through  the  chimney  lopt 

Mr.  H.  T.  Hariman  (  Philaddpliia) :  Will  the  lamp  stand 
a  rise  of  six  or  seven  amperes  ieiii|)i>rarily? 

Mk.  Holmks:  The  lamp  uill  >l;ui'l  six  amperes  e&sily  and 
safely.     The  effect  of  ihc  Hash  will  be  to  make  tlic  lamp  kick. 

Mr.  DAvrs:     Does  noi,  ihe  lung  arc  make  the  lighl  flicker? 

Mh.  Hoi.xies:  It  is  perfectly  steady  a  Hltle  way  off.  If 
you  come  up  near  to  it  you  can  liken  it  lo  a  stream  of  water. 
You  can  see,  althongti  the  parage  •>{  the  current  is  <1ownward, 
that  it  has  the  appearance  of  going  up,  due  lo  the  heat  evolved 
in  the  arc  passini;  out  and  enveloping  the  arc  in  going  up  the 
chimney. 

.Mh.  J.  W.  Gillette  (Phoenixville.  Pa,):  A»  lo  the  con- 
sumption of  the  electrode? 

Mil  IIulmi^:  Tlicrc  is  no  consumption  of  the  upper  elec- 
trode; nothing,  a*  I  have  »lu)wn  to  you.  That  elennwle  that 
TOU  sec  has  been  in  contact  with  the  electric  current — has  hcen 
burning — ^six  months  and  shows  tittle  or  no  delerioralion.  The 
magnetite  »tiok  hums  away,  as  T  have  stated  here  in  the  |i«|ier. 
and  has  ditTcrcnt  lengths  of  life. 

Mk.  JotiN  r.  Git.ciiKiST  <Giicago):  I  ask  if  the  lamps 
that  Mr.  Holmes  used  commercially  have  been  for  street-lighting 
purposes  or  for  store  lighting — that  is,  outside  of  stores;  and. 
if  so,  how  the  cystomcrs  arc  impressed  with  them, 

Mr.  lioLMt^:  Wc  have  used  them  for  municipal  purposes 
only — for  street  lighting.  We  have  no  lamps  in  a  store  or  under- 
neath the  porch  of  a  .store;  they  arc  all  on  the  street. 

TliK  Puksidhst:    What  docs  the  public  think  of  them? 

Mr.  Hor.MF.S:  It  is  very  much  pleased  with  them.  They 
think  in  Waiertown  that  they  are  the  finest  liRhls  they  have  ever 
seen. 

A  Membkk:  What  is  the  variation  of  Ihe  lamp  hclivcen 
the  starting  teiii|)eralure  and  after  the  lamp  heats  up?  Some 
of  onr  long-burning  arc  lamps  increase  in  voltage  so  as  to  cut 
down   the  capacity   of  Ihc   arc  machines   after  the   lamps  are 
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heated.  How  much  does  this  lamp  vary  in  voltage  due  to 
heating  ? 

Mr.  Holmes:  I  have  no  particular  figures  on  that  point. 
The  only  knowledge  I  have  is  that  the  lamp  is  fairly  cool,  due 
to  the  upward  draft;  there  is  no  heating  of  the  mechanism  in 
the  top  part  of  the  lamp.  I  have  nothing  positive  on  that 
particular  point,  however. 

Mr.  Hallberg:  Will  Mr.  Holmes  please  state  if  he  has 
experienced  any  trouble  from  the  sputtering  of  the  metal  or 
lower  electrode  on  the  outer  globe?  It  seems  as  if  in  the  course 
of  time  it  would  be  necessary  to  replace  globes  on  this  account, 
and  a  roughening  or  blistering  of  the  glass  globe  would  make 
it  difficult  to  clean. 

Mr.  Hol.mes:  We  have  not  had  time  in  the  six  months 
that  the  lamps  have  been  burning  to  get  arty  data  on  that  point. 
There  has  been  nothing  serious  of  that  kind  developed,  what- 
ever; what  may  come.  I  can  not  say. 

Mr.  H.  W.  HiLLMAN  (Schenectady)  :  In  regard  to  the 
attitude  of  public  opinion  toward  this  lamp.  I  will  say  that  the 
electric- light  company  in  the  city  of  Jackson  had  the  opportunity 
to  secure  another  contract,  and  it  was  familiar  with  the  trial 
of  this  system  at  Newton.  Representatives  of  the  company 
came  on  to  see  the  tight.  They  were  well  pleased  with  it,  and 
they  felt  that  they  could  secure  a  contract  with  this  new  system. 
They  later  sent  on  the  entire  common  council  and  the  mayor. 
They  went  over  to  Newton.  They  did  not  give  any  notice  of 
their  coming,  so  the  system  was  not  fixed  up  in  as  good  shape 
as  it  might  have  been,  and  they  took  it  as  it  was  that  night. 
They  went  back  to  the  lighting  company  at  Jackson  and  closed 
a  contract  for  ten  years  for  300-light  capacity.  The  material 
will  all  have  been  shipped  in  a  few  days— by  June  first.  They 
did  not  want  to  take  up  the  contract  on  the  basis  of  watts 
energy  consumed  in  the  lamps,  and  the  Jackson  people  showed 
them  how  to  use  the  luminometer  for  testing  the  illumination 
of  lamps  at  a  distance  on  the  street.  It  was  conceded  that  a 
sufficient  amount  of  illumination  was  given  underneath  the  lamp 
for  almost  any  purpose;  it  was  a  question  of  illumination  at  a 
distance  about  which  they  desired  to  be  satisfied.  Now,  in  the 
inclosed-arc  system  that  has  been  heretofore  installed,  the  best 
6.6-ampere   series   direct-current   inclosed   arc   or   the   best   7.5- 
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ampere  series  alternaliiig-airrent  inclosed  arc  has  a  disUnce 
illuminauoii  equivalent  to  about  257  feet  for  reading  a  certain 
line  on  the  card  inside  the  lumtnometer.  The  Jackson ■  people 
clost-d  the  contract  on  the  basis  of  225  feet  distance,  knowing 
tliat  they  could  get  an  average  illumination  of  300  feet  eilher 
side  of  [he  lamp.     So  niudi  fur  public  opinion. 

There  is  just  one  other  point  with  regard  to  the  energy 
that  was  slaiidardizcd,  so  to  speak;  it  was  rather  difficult  to 
know  for  jnst  whal  current  we  should  build  the  system.  Assum- 
ing that  you  should  use  6.6  amperes  ai  80  volts,  or  480  watts, 
the  same  as  the  inclosed  arc  is  now  operated,  there  would  be  a 
tremendous  amount  of  illumination :  something  that  lias  not 
been  heard  of  for  street  illuminaiimi — ahnost  like  a  miniature 
searchlight,  only  you  would  get  the  light  on  four  sides  and 
would  not  require  an  attendant  lo  change  it  about.  It  did  not 
seem  wise  to  adopt  that  high  energy,  bul,  rallier,  to  take  llic 
standard  illumination  as  it  is  to-day,  and  after  getting  a  little 
bit  better  illumination  at  a  distance,  due  to  the  light  efficiency 
of  the  lamp  and  its  ability  to  throw  the  light  at  (be  horiiontal, 
we  determined  lo  Uike  jOO  waits  and  give  the  central  station 
the  benefit  of  the  difference. 

TiiK  pRLSUtENT:  Wc  shall  have  to  close  the  dtscuSMOn. 
We  have  on  this  morning's  programme  the  reports  of  four 
committee.^  all  of  whom  arc  going  to  ask  to  be  discharged, 
and  I  think  possibly  it  would  be  well  to  adjourn  this  until  the 
beginning  of  the  afternoon  session.  It  will  not  take  more  than 
live  minnteji  to  discharge  the  four  committees,  as  they  request. 

(On  motion,  adjourned  until  half  after  two  in  the  afternoon,) 


SECOND  SESSION 

The  meeting  was  called  to  order  by  President  Edgar 
promptly  at  half  after  two  o'clock. 

REPORT   OF   COMMITTEB    OK    UNIFORM    ACCOUNTING 

The  President  :  We  will  now  take  up  the  consideration  of 
the  four  committee  reports  that  were  left  over  from  the  morn- 
ing session.  We  will  first  consider  the  committee  on  uniform 
accounting,  of  which  Mr.  Guy  L.  Tripp,  of  Boston,  is  chairman. 
Mr.  Tripp  wrote  mc  a  letter  saying  that  he  regretted  he  could 
not  be  present  at  this  meeting  and  that  he  had  nothing  further 
to  report  as  chairmait  of  the  committee. 

Mr.  W.  M.  Anthony  (Chicago):  I  move  that  the  com- 
mittee on  uniform  accounting  be  discharged. 

(The  motion  was  carried.) 

REPORT    OF   COMMITTEE  ON    LEGISLATIVE   POLICY 

The  President:  The  committee  on  legislative  policy  is 
another  of  these  committees.  Mr.  Samuel  Insull,  of  Chicago, 
the  chairman  of  the  committee,  is  abroad.  The  committee  has 
done  no  work  (or  several  years,  and  the  chair  wilt  entertain  a 
motion  that  the  committee  be  discharged. 

Mr,  Anthony  :    I  move  that  the  committee  be  discharged. 

{The  motion  was  carried.) 

The  President  ;  The  committee  on  standard  candle-power 
of  incandescent  lamps.  Dr.  Louis  Bell,  chairman,  and  the  com- 
mittee on  photometric  values  of  arc  lamps,  Mr.  Henry  L. 
Doherty,  Denver,  chairman,  are  the  two  remaining  committees 
to  be  considered,  but  as  the  chairmen  of  these  committees  are 
not  in  the  meeting-room,  although  present  at  the  convention, 
we  will  pass  them  for  the  present. 

We  will  now  take  up  the  paper  "A  One-Hundred-Mile 
Transmission  Line,"  by  Mr.  Robert  Howes,  of  Spokane, 
Washington. 


Mr.  Howe3  read  the  following  pupcr  : 

A  ONE-HUNDRF.I)  MILH  TRANSMISSION    LINU 


In  the  fullowing  it  is  not  ihv  [)iir()o»c  to  iniliilge  in  long  ex- 
planations. (!c8crij>tions,  or  tlu-orivs,  t.ui  ratlier  m  give  a  brief 
<]cscri[)tt<^ti  of  titer  «:.'Kci)tinl  feaiurcs  of  itie  plant,  the  results  ob- 
tain<.'<!  and  ilifficulties  encountered. 

The  observations  rccorrk-'l  are  to  he  consiilered  as  reasonably 
acciirati?.  hut,  as  you  all  know,  ohscrvattnm  in  an  operating  plant 
have  to  be  made  when  one  has  the  opportunity,  and  usually  juM 
at  the  time  when  he  would  like  to  In;  takJny  interesliiig  readings, 
he  i>  so  bu&y  with  operating  features  that  there  is  little  time  to 
make  accurate  notes, 

Tlie  plant  eon&idered  is  that  of  the  Washington  Water  Power 
Company,  of  S|H>kane,  Washington.  The  jwwer-hoiise  is  locat€<l 
at  tlie'foot  of  the  lower  falls  of  the  Spokane  River,  in  the  very 
centre  of  the  city  of  Spokane.  The  theoretical  head  on  the  waicr- 
whecls  is  about  71  feet. 

That  portion  of  the  plant  which  furnishes  the  power  for  the 
transmission  line  is  conipxsetl  of  two  \* -connected.  4000-voU, 
3250-kw.  60-cycle,  300-r.p.ni.,  revolving-field  alternators,  each 
direct-driven  from  a  pair  of  forty  and  one-half-iuch  special  tur- 
bines, made  by  the  Stillwell-Biercc  and  Smith  Vaile  Company, 
and  designed  lo  develop  4000  horse-power  under  68  feet  of 
effective  head.  The  water  is  supplietl  lo  each  unit  through  a 
steel  dumc  in  feet  in  diameter  and  over  500  feet  long. 

The  wheels  are  guverneil  by  Lombard  governors,  with  com- 
pensating action  modilicd  to  meet  the  demand*  occasioned  by 
kinetic  energ>'  of  the  water  moving  in  the  long  Humes.  These 
governors  can  be  relied  U|>on  to  keqi  the  sjieed  from  rising  or 
falling  over  three  ]>eT  cent  from  the  normal  with  instantaneous 
changeii  o[  /ioo  t^ilowatts  at  any  ]>nsiiion  of  the  gates,  and  will 
care  for  small  changes  of  locd  to  within  one-third  of  one  per 
cent  of  normal  s]>eed. 

Tlic  accompanying  diagram  gives  the  important  electrical 
connections.  All  iii.«lrunieiii>  have  been  omitted,  to  avoid  con- 
fusion of  lines,  but  a  fairly  complete  set  is  installed.  Each  gen- 
erator is  !>upplied  with  voltmeters,  ampere-meters  and  watt- 
meters in  each  leg.  and  the  leads  to  the  steji-up  transforincrs  also 
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have  snipcrc-metcr»  and  a  j>ower-facior  mdicaior.  By  ninning 
one  of  tile  generator^  alone  on  the  transmission  line  a  complete 
set  of  voltmeters,  walinieteri.,  amperc-meicrs  and  power-factor 
indicator  is  availalilc.  All  the  electrical  apiiaratii^  is  tif  General 
Electric  Company's  make,  tlie  indicatinp  instnmicnt  being  of  the 
horizontal  edgewise  type. 

Tin-  principal  exciter  is  driven  from  a  separate  wheel,  which 
is  supplied  with  water  from  eillier  of  the  two  flumes.  An  in- 
dnction  niolor.  not  yet  in  operation,  is  lo  l»e  connected  to  the 
eiiil  of  ihtf  exciter  shaft,  opposite  the  water-wheel,  and  driven 
from  the  transmission  leads  intide  tli«  oil  drcutt-breakcrs.  It 
will  5crve  the  doiihic  purimsc  of  governor  and  insurance  against 
lack  of  jxjwer  for  the  exriter  if  the  chnlc-casc  of  the  walcr-whcel 
becomes  partially  choked  up.  An  indicating  wattmeter  on  the 
jndnclion  motor  will  indicate  iht  choking  of  the  water-wheel 
by  showing  thai  ilie  motor  Likes  more  load.  The  exciter  will 
then  be  started  and  the  choked  wheel  cleaned  out. 

The  plant  is  designed  to  furnish  ihree-pliasc  airreiil  at  400O 
volts  for  local  power  and  2joo-volt,  single-phase  current  for  local 
lighting  scrricc  in  Spokane.  Any  lighting  feeder  can  be  thrown 
on  either  of  the  three  legs  of  the  Y-connected  generator,  by 
means  of  the  type  "Ci"  oil  switches,  and  the  load  on  the  gen- 
erators kept  balanced.  Ty]>e  "C.  R."  hand  voltage  regulators 
are  inMalled  im  the  neutral  or  grounded  side  of  each  lighting 
feeder ;  the  voltage  being  rcgidatcd  with  the  aid  of  a  voltmeter 
comiHriisatcd  for  the  line  loss. 

The  generator,  iransnii.'.sion  line  and  main  city  switches  are 
motor- control  led  and  of  the  ly]jc  "H"  variety.  Those  on  the 
transmission  line  an<l  city  have  automatic  overload  tripping  de- 
vices. The  city  feeders  have  automatic  oil  circuit-breaker 
twitches,  hand-operated. 

The  step-up  transformers  arc  750-kw  each  and  of  the  watcr- 
coote*!  ty|)c.  They  are  connected  in  delta  on  the  4000-voIt  side, 
and  in  Y  on  the  high-tcnston  side,  the  neutral  connection  being 
grounded  at  the  power-house.  The  high-lenston  winding  i*  for 
34.700  volts,  laps  licing  brought  out  for  21^,000  volu  also,  thus 
giving  a  choice  of  60.000  or  45,000  volts  line  pressure.  Two 
spare  Iransformers  are  installed,  and  the  switching  arrangement 
is  »Hcli  tliat  one  of  the  spare  ones  can  l»e  oit  in  to  rqtiace  either 
of  the  three  in  use  without  shutting  down.    The  second  spare  orK 
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can  b«  connected  on  any  phase  by  sliutling  down  about  one 
minute 

Three  banks  of  lightning  arrrsttrs  are  installed  on  the-  line; 
one  at  Spokane,  one  at  the  end  of  the  line  and  one  about  20 
miles  froni  Ihc  end  of  the  line. 

The  main  line  is  9S  inile^  long  at  the  fanhe&t  substation 
and  has  three  short  branches  at  present.  Low-tension  current 
is  transmitted  about  two  mile$  farther  up  the  caDon,  making 
the  total  transmission  just  100  miles. 

On  leaving  the  jKiwcr-houiie,  the  line  goes  through  llie  city 
streets  for  three  and  one-half  miles;  the  poles  used  bcinR  from 
40  to  85  feet  long,,  iti  order  to  gel  al«n-e  everything  that  might 
be  interfered  with.  Wherever  it  crosses  other  lines,  grounded 
wires  are  strung  over  them  several  feet  below  the  transmission 
line. 

Leaving  the  city,  the  line  follow*  a  county  road  for  about 
24.5  miles,  till  it  reaches  the  Coeur  d'Alene  Indian  reservation. 
Across  this,  a  distance  of  24.8  miles,  almost  all  in  heavy  timber,  a 
private  right  of  way  was  obtained  and  cleared  of  all  trees  and 
brush.  All  trees  outside  the  right  of  way,  liable  in  fallinp;  to 
reach  the  line,  were  also  felled.  At  one  ]>oint  in  this  portion, 
ihe  line  crosses  the  St.  Joseph  River,  where  it  empties  into  the 
Coiur  d'Alene  Lake.  The  river  runs  close  to  a  bluff  on  the  west, 
while  on  the  cast  side  there  is  a  marsh  and  the  neck  of  an  inlet. 
At  high  water  several  feel  of  water  stands  from  bluff  to  bluff. 
To  span  this  would  re(|uire  a  span  of  3300  feet,  so  resort  was 
had  to  setting  the  poles  on  a  cluster  of  five  piles.  The  centre  one 
lieing  driven  about  six  feet  lower  than  the  others,  a  socket  was 
formed  in  which  the  pole  was  (irmly  clamped  with  heavy  iron 
bands.  By  this  means  the  longer  span  was  reduced  to  474  feet 
across  the  river  channel,  the  wires  bcint;  far  above  the  smoke- 
stacks of  the  steamers  that  navigate  llie  river.  Number  0  B.  &  S. 
hard-drawn  copper  wire  was  used  here  for  further  scairity 
against  a  wire  breaking.  A  row  of  single  piles  with  a  plank  walk 
was  placed  across  the  marsh  under  the  line,  for  patrolling  pur- 
poses.   Tlm.t  far  this  consiniction  lias  proved  most  satisfactory. 

LeavinR  the  reservation,  the  line  follows  up  the  valley  of 
the  Cocur  d'Alene  River  and  the  south  fork  of  the  same  to  the 
mining  region.  It  is  largely  on  private  right  of  way.  Init  fol- 
lows county   roads   in   part,   and    goes   through   a   mixture  of 
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swamps  and  mcaduws — somvliiiK-s  several  firct  untJcr  water — 
timber-coverod  inoimtain*.  stcqi  rocky  mountain  sides  and  around 
rocky  diffs.  As  far  as  possible  it  was  considered  best  lo  avoid 
proximity  to  towns,  railroad  tracks,  etc..  where  the  youth  with 
a  22M:aItbre  ritte  likes  Id  walk  and  practice  shooting,  for  the  in- 
sulators off<:r  a  Icmpting  target  lo  those  of  a  mischievous  nature. 

The  pole*  of  l!ic  present  line  .are  «ei  35  feel  from  the  north 
or  westerly  side  of  the  loo-foot  riKht  of  way.  leaving  room  for  a 
duplicate  line  on  the  oilier  side. 

The  standard  pole  is  35  feel  lonj;,  of  winter-cut  cedar,  12 
inches  at  the  ground  line  and  8  inches  at  the  lop.  They  arc 
set  six  feet  in  the  ground.  Special  lengths  are  used  in  hollows 
at  bottoms  of  ravines,  etc..  lo  avoid  making  loo  great  a  change  in 
the  slope  of  Itte  wires  on  any  one  insulator,  also  at  railroad  cross- 
ings and  in  villages. 

The  wire*  are  of  No.  2  B.  &  S.  medium  hardnlrawn  copper^ 
and  arc  placed  lo  form  an  equilateral  triangle  42  inches  on  a  side. 
The  upper  insulator  iK  set  on  the  lo|)  of  ihe  pole,  the  others  at 
either  end  of  the  cross-ami,  A  complete  set  of  three  partial 
transpositions  is  made  in  each  section  where  the  condition  varies 
in  paralleling  telegraph,  telephone  lines,  etc.;  otlierwise  in  every 
mile. 

A  private  telephone  line  is  nm  on  the  side  of  the  pdcs 
below  the  power  line  and  is  tranitiKiwd  every  few  spans.  The 
insulators  used  arc  of  the  double- petticoat  type.  13-inch  siae, 
and  arc  mounted  on  a  metal  pin.  This  pin  is  described  by 
Mr,  D.  L.  Huntington  in  the  Transactions  of  the  .American  Itisti- 
mie  of  Electrical  Engineers  for  April,  1903.  page  453,  and  has 
given  entire  satisfaction  to  date. 

The  substation  buildings  are  of  brick.  The  high-tension 
wires,  entering  near  the  top,  go  directly  to  kiiife-di>c<>nnecting^ 
switches,  set  on  a  gallery,  llience  lo  the  transformers  on  the 
ground  floor.  One  transforntrr  of  the  three-pliase  lyjH;  is  uscfl. 
TIk  secondaries  pass  from  a  iransfomier  lo  a  switchboard,  carry- 
ing oil  circuit-breakers,  recording  wattmeters,  and  indicating  in* 
strunients,  thetKc  lo  the  customers"  circuits.  The  half-voliage 
taps  shown  on  the  diagram  arc  for  suning  purposes  only,  for 
synchronous  motors.  There  are  eight  of  these  subsiations,  six  of 
which  have  been  in  cofitinuou:i  use  sitkc  starting.  Besides  the 
above,  there  is  a  substation   recently  built  about  it  mUes  from 
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Sjjokane.  where  power  is  lakeii  from  the  tranftniission  line  and 
the  voltage  stepped  down  to  23.000  to  supply  the  lines  of  an  in- 
tentrf>an  railway  33  miles  long.  Tin.-  railway  eompany  uses  the 
power  ihrougli  roiaries  to  supply  the  trolley  willi  600-voIt  direct 
current. 

Several  miles  of  long-distance  telephone  line  parallels  the 
'transmission  line  at  a  distance  of  about  40  feet,  and  one  of  the 
telephone  company's  engineers  was  mndi  worried,  fearing  trouble 
with  the  operation  of  these  lines.  Tlifcc  days  after  the  transmission 
was  in  operation,  lie  askeil  whtti  the  current  wtiuld  Ik-  tnmed 
01).  as  he  wished  to  notice  how  much  the  change  was.  I'pon 
learning  that  the  current  was  on,  he  admittetl  lie  could  not  de- 
tect it  in  the  operation  of  ibc  telephones.  Tlicrc  is  very  little 
EoumI  on  the  private  telephone  lire  from  induction  unless  one 
wire  lte«)nie»  groiinde<!.  wlicn  it  becomes  almost  impossible  in 
understand  a  person  at  the  other  end. 

.\  rather  peculiar  loss  of  from  one  to  six  feel  of  head  in 
the  draft  tubes  is  encountered  at  ordinary  heiRhl  of  the  river. 
The  centre  of  shaft  is  then  at>out  18  feet  at)ove  tail-water,  Not 
far  above  the  intake  to  the  power-house  the  river  divides  into 
several  channels,  and  falls  over  ntimcrons  small  dams  and  cas- 
cades (composing'  the  "upper  falls'"!  almut  60  feet,  rcacbinp 
[his  level  a  fe^v  hundred  feet  alwvi-  the  intake,  Tberc  being  no 
quiet  water  whatever,  considerable  quantities  of  air  .seem  to  he 
laticn  into  the  fiiunes  with  the  water,  and  no  doubt  arc  liclil 
lliere  under  pres.iure  as  the  water  flows  down  the  flumes,  to  be 
instantly  released  ujwn  passing  through  the  wheels  into  the  par- 
tial vacuum.    This,  no  doubt,  explains  a  pan  of  the  loss  of  head. 

Another  peculiar  phenomenon  is  noticeil  every  time  one  of 
llic  4000-hp  wlieeU  is  started,  of  which  the  writer  has  found  no 
satisfactor)'  cx]>lanalion,  and  would  he  glad  to  hear  one.  Tlic  fol- 
lowing characteristic  ob8er%'ations  were  recorded  by  him:  The 
pressure  at  centre  of  sliaft,  according  tn  gauge,  being  noted  as 
24  pounds  and  the  vacimm  in  draft  tubes  being  icro.  the  gate 
of  the  wheel  wa.*  opened  slowly.  Full  .spewl  wa*  reached  in 
about  one  mintitc.  the  gate  heinp  nine  per  cent  opened.  The 
vacuum  was  noted  as  rising  rapidly,  Tlie  speed  remained  steady 
for  two  or  three  minutes  and  the  vacuum  increased  to  10  inches 
of  mercury :  siuMenly  the  wheel  slowed  down  30  per  cent,  the 
vacuum  continuing  to  rise  to  about  13  inches  of  mercury,  where  it 
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^fflSified  practically  stationary.  The  wheel  continued  to  run  at 
steady  spccO  and  20  jicr  ccnl  low  unlit  the  gate  was  further 
c^Kned,  it  requiring  16  per  dent  gate  opening  to  bring  the  wheel 
back  to  speed.  The  pressure  fiangc  showt'd  a  loss  not  to  exceed 
one-tenth  of  2  poinid,  while  tin-  v;ianiin  ninaint^d  alxmt  the  sante. 
The  power-house  being  ready  before  the  line  was  completed. 
"  miles  of  line  was  first  tested.  All  switches  were  closed  and 
the  generators  started  slowly  from  rest.  The  speed  was  grad- 
ually increased,  the  connections  having  been  made  for  6o,(xxi 
volts  pressure.  The  pressure  was  brought  up  to  42.000  volts 
and  then  cut  down  slowly  to  zero  without  any  indications  of 
trouble. 

Next  morning  the  machine  was  started  again  in  the  same 
manner,  the  voltage  being  raised  to  atiDUt  fi8.ooo  volts  for  a 
short  time,  and  then  lowered  to  about  58,000  or  60.000  volts, 
and  held  there  all  day  while  the  entire  tine  was  jairolled  and 
found  to  be  in  good  condition.  .Mong  the  line  a  discharge  coidd 
be  heanl  at  a  large  i^reentage  of  the  insulators.  With  58.000 
volts  on  the  line,  the  amperes  shown  on  the  generator  were  230 
in  each  leg.  while  the  wutttncler  indicated  ^5  kilowatts  per  leg. 
This  would  show  the  charging  ou-rcnt  to  be  approximately  15 
amperes,  while,  after  the  »te|j-ii|)  transformer  loss  was  deducted, 
the  remaining  energy  lost  in  the  line  ivonld  not  be  over  10  kilo- 

'  watts  |ier  wire,  or  a  total  of  le:^s  than  30  kilowatts.  In  this  test 
only  one  set  of  lightning  arresters  was  connected,  they  being  at 
Spokane:  each  division  of  the  set  was  cotn|H>sed  of  24  General 
Electric  aooovolt.  double-pole  arresters  connected  in  scries,  thus 
forming  y6  spark-gaps  from  each  wire  to  ground.  A  steady 
•tream  of  sparks  could  l>e  nnticed  through  the  first  few  air-ga|>s. 
These  became  less  frequent  as  the  nuniber  of  gaps  crossed  be- 
came greater,  and  before  reaching  half-way  down  the  arresters 
the  sparks  were  no  longer  visible.  Tlie  leading  current  exerted 
sueh  an  exciting  effect  on  the  generator  that  the  exciter  voltage 
had  to  be  reduced  to  85  volts  and  all  the  generator  fields  resist- 
ance cut  in,  ^ving  an  exciting  current  of  about  50  amperes, 
whereas,  with  the  generator  half-loaded  with  non<inductivc  load, 
the  exciter  was  run  at  115  volts  with  the  generator  rheostat 
handle  in  about  central  ]K(sition. 

After  this  test  the  line  was  shut  down  for  four  days,  the 
transformers  were  connected  for  45.000  volts  line  pressure,  and 
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th«  lifst  substation.  79  miles  from  Spokane,  cut  in.  71ic  voUafice 
wsn  tn-oiiglit  tti>  tu  4J/XX)  volts,  and  simullancoiis  volt  ri.-3i(liii^s 
were  taken  bv  means  of  telephone,  the  voitaffc  bcinR  very  steady. 
Tliv  voltage  indicated  at  llie  sulislation  was  a  little  over  44jOO(X 
The  volinicters  were  new.  but  were  not  compared:  however, 
the  error  should  not  have  been  two  per  cent.  The  amixTe- 
meters  in  S|M>k.ine  on  the  40no-vnli  •f.'wle  of  the  transfoniiers  in- 
dicated iM  amjiercs.  giving  about  10.5  amperes  for  charging  cur- 
rent At  (his  voltage,  there  having  Ix-en  two  more  miles  of  line 
nit  in  and  also  an  unloaded  transformer  and  bank  of  lightning 
arresters  at  the  sidistalioii  since  the  test  at  58.000  volts. 

During  the  first  test  the  neutral  wire  was  nut  groumled  at 
the  |x>wer -house.  .ind  the  tloatitig  around  of  (he  neutral  point  was 
plainly  noticed  on  the  lightning  arresters,  the  sets  connected  to 
llie  three  wires  showinji;  considerable  difTcreiice.  sometimes  imic 
being  most  active  and  then  another.  Grounding  the  neutral 
wire  stoi)ped  the  greater  ]>art  of  this  effecl.  although  a  slight 
varj-ing  difference  still  seemed  to  exist. 

As  induction  motors  were  started,  the  amperes  supplied  10 
the  step-up  transfonners  decreased  until  a  minimum  reading  of 
abutit  95  am|)crcs  was  reached,  The  kilowatts  were  not  obscrveil. 
owing  to  the  generator  furnishing  current  to  the  city  as  well  at 
Ibis  time,  and  the  proportion  of  the  lutal  sitjiplied  to  each  could 
not  lie  accurately  obtained.  .After  this  time,  adding  more  load 
increased  the  current,  accordingly  (lie  minimttni  current  in  alMMit 
eight  and  one-third  amperes  for  ytj  miles  of  the  line  at  43^000 
volts. 

The  work  was  rapidly  pushed  to,  completion  and  the  sidi- 
station«  were  put  in  operation,  each  substation  being  put  into 
service  as  soon  as  the  line  reachol  it.  The  power  was  cut  off 
only  long  enough  to  make  connections  to  each  piece  of  new  line. 
Aecorilingly,  no  opportunity  to  test  the  charging  current  an<i  the 
kilowatts  of  the  Complete  line  was  had;  for  one  could  never  be 
sure  that  all  the  load  was  off  at  the  various  substations.  I'rom 
two  of  these  curre"'  is  supplied  for  lighting  pur|}OSc«,  the  towns 
of  Wantner  .ind  KcIIocg  beinir  lightcfl  from  one. 

At  tht-  time  of  writing,  unity  |iower  factor  is  usually  reached 
with  a  load  of  1450  kilowatts.  The  current  in  the  line  is  then 
alMHit  18.5  amperes  per  mile.  Four  300-hp  induction  motors. 
uiiv  2.(0-hp  svnchronous  motor,  ami  several  induction  motors  of 
J 
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smaller  sius,  ar«  in  operation  on  the  line.  One  of  llu-  30(>-h|> 
inducdon  motors  is  supplied  from  the  substation  at  the  end  of 
llie  line,  am!  is  rlirect -connected  to  a  hoist  which  is  almost  in 
coijsunt  use.  Uurinp  the  first  two  months  this  had  to  be  run 
ciitircly  imhalanced  The  effect  of  this  hoiM  upon  the  regulation 
of  the  line  was  at  first  v«ry  serious.  The  motor  is  a  lliree- 
plia$e  General  Electric,  buill  for  514  r.p.m.,  3080  volts  anil  (io 
cycles.  When  the  load  on  the  line  was  liffht  and  this  motor  was 
started,  it  wouUI  throw  a  heavy  imliictive  current  on  the  line, 
increasing  the  power  factor  instantly,  leavinR  the  generator  much 
nmkT- ex  cited,  and  causing  the  voltage  to  drop  accordingly.  To 
this  had  to  be  addH  a  dro|)  of  about  one  or  one  and  a  half  per 
cent,  due  to  drop  in  speed.  The  speed  would  be  just  al>oul  rt-- 
covered  wlwn  the  load  would  come  off  again,  restoring  the  power 
factor  and  excitation  to  the  generator,  while  the  speed  would 
ri»e  about  as  much  a^  it  fell  on  >tariing  the  motor,  causing  the 
volugc  to  go  slightly  above  normal.  Ordinarily,  the  voltage  at 
Simkane  would  fall  alnnii  10  or  12  \kt  cent  and  rise  two  per 
cent  from  normal,  while  extreme  cases  were  nearly  twice  as 
bad,  llie  voltage  at  the  end  of  the  line  would  in  general  varj- 
alMUt  1.6  times  as  much  as  it  rlid  at  the  power-house.  This  action 
continuing  every  two  or  three  minutes,  needless  to  say.  made 
the  ix)wer  unsatisfactory  for  lighting  puri>o*es,  while  the  speed 
variation  of  the  induction  motors  was  enouRh  to  bring  fi>r!h 
Mtvere  amiitlaint  where  they  were  used  to  run  milling  machinerj- 
requiring  a  very  constant  speed.  Even  the  s,vnchronous  motor, 
juilging  fruni  the  attendant's  account,  would  start  to  fall 
i>ui  of  step,  slip  over  a  few  poles,  and  again  get  in  siq>. 
but  causing  much  anxiety.  After  a  day  or  two  of  this,  a  man  was 
put  in  constant  attendance  on  the  generator  rheostat,  and  the 
writer  went  to  the  end  of  the  line  to  study  conditions  and  see 
wliat  could  be  done.  He  found  thai  the  motor  as  then  handled 
took  alx>ut  375  kilovolt  ainpcres  for  the  first  point  on  the  con- 
triiller.  The  operator  would  then  move  the  liandle  rapidly, 
bringing  the  kilovolt  amperes  up  to  40O  or  450,  make  the  run 
awl  *hut  off  (ptickly.  The  time  I'f  raising  the  car  from  the  300- 
foot  level  was  25  H-conds.  and  from  the  600-fooi  level  was  45 
secomls.  It  was  noted  by  comparing  recording  voltnwter  charts 
that  the  attendant  at  the  switchl)oard  in  S|K)kane  could  do  littlo 
III  keep  the  voltage  from  falling,  but  would  bring  it  back  very 
quickly. 
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When  tlic  motor  was  cut  oiil  the  voltage  would  rise  nearly 
as  miicli  as  it  had  ilntpiicil  twfnre.  Howirver.  the  gencnj  effect 
was  much  improved.  It  was  found  that  the  controlhng  rheostat 
of  the  motor  was  too  small  to  stand  regulating  the  speed  uf  the 
motor  for  atiy  consiflcrahle  lime.  so.  as.  a  temporary  makeshift, 
a  resistance  was  made  of  iron  wire  and  inserted  in  the  ciraiit 
Iwiweeii  the  starting  box  and  the  rotor.  This,  had  the  effect  of 
cutting  down  the  kilnvolt  amperes  tafccn  at  the  first  point  to  about 
175.  anil  the  operator  coiiW  then  move  the  controller  handle  more 
slowly,  llie  first  instantaneous  drop  in  voltage  was  much  re- 
duced, and  the  attendant  at  the  power-house  had  a  chance  to  hold 
the  voltage  nearer  normal.  With  thU  condition  the  voltage 
would  usually  fall  at  the  power-house  about  six  or  seven  per  cent 
and  would  rise  nearly  as  much  above  normal.  While  this  gave 
pretty  poor  lighting  service,  it  did  not  seriously  interfere  with 
the  motors.  This  arrangement,  however,  has  the  had  feature 
of  running  the  motor  at  a  slower  speed  and  so  doing  only  the 
work  of  a  sniatK-r  motor,  Tliis  is  not  serious  while  operating 
front  shallow  shafts,  but  would  he  unsatisfactory  for  deeper 
workings,  which  will  be  worked  in  the  future.  Accordingly,  the 
writer  recommends  for  such  retiuircmenls  a  rheostat  large  enough 
not  to  overheat  when  running  with  any  part  of  it  in  use.  the  first 
point  to  give  a  current  nearly  a$  small  as  that  taken  by  the 
motor  with  the  rotor  open-circuited.  The  second  point  would 
increaH-  the  current  about  30  ]wr  cent,  the  next  30  more,  the 
remaining  ones  to  give  more  gradual  changes.  The  motor 
would  not  start  until  the  third,  or  if  heavily  loaded.  [>erhaps  the 
fifth,  point.  The  controller  handle  should  also  have  a  time  relay 
device,  making  it  necessary  to  consume  about  three  seconds  be- 
tween the  first  and  second  iwints.  two  between  the  second  and 
third,  and  one  for  the  next,  also  a  smaller  time  limit  for  ending 
out  these  points.  .-\n  eiiiergency  switch  should  be  provided,  so 
that  the  oiJcralor  could  cut  ofl'  llw  current  instantly,  if  necessary. 
This  would  enable  the  power-house  to  care  for  the  small  changes 
and  kcqi  the  vpltage  near  its  standard  there,  the  line  loss  being 
the  principal  thing  left  to  contend  with. 

A  large  water  rheostat  was  installctl  at  Sjxikane  and  used  in 
connection  with  the  transmission  line,  and  was  found  to  be  of  u.<te 
on  light  loads;  but  when  the  jiower  factor  reached  100  per  cent 
it  did  little  good  and  could  be  cut  out.    It  was  hoped  that  a  volt- 
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age  regulator  ordered  would  lie  instalk-d  in  time  to  record  the 
results  iicrcwilh,  but  at  lime  of  writing  tlic  regulator  had  not  ar- 
rived. 

A  suggestion  made,  bur  not  tried  as  yet,  is  to  install  a  large 
syndironoui  motor  at  tl)e  eii<l  I'f  ihe  line,  witli  no  load  except 
its  own  exciter,  and  install  one  of  ihcsc  regulators  to  operate  on 
the  field  of  tliis  motor.  If  ilie  line  voltage  droi>|M:d,  the  regulator 
should  strengthen  the  motor  field  and  throw  a  leading  current 
on  the  tine.  If  the  voltage  rose,  the  field  should  he  weakened 
to  throw  a  lagging  current  on  the  line.  The  ohjection  to  using 
a  motor  installed  for  other  purposes  is  that  the  motor  would 
often  be  shut  down,  and  woidd  be  largclj'  out  of  tJie  power  com- 
pany's control. 

It  may  be  of  interest  to  note  dial  while  the  litie  has  been 
in  continuous  o|>eration  for  over  seven  montlis,  the  circuit- 
breaker  lias  heen  tripped  only  eight  time*,  excqiting  when  ar- 
raiigcnienl  for  a  short  shui-down  has  been  made  with  all  parties 
intereste<l.  Of  tlie^-e  eight  limes,  two  were  caused  by  accidental 
short -circuits  on  the  line,  made  by  the  company's  workmen;  four 
were  sborl-dreuit*  on  the  secondaries  of  customers,  and  were 
severe  enough  to  throw  out  die  «co<^tidary  breaker,  ilie  substation 
breaker  and  the  power-house  breaker  all  at  once;  the  other  two 
were  from  unknown  causes.  The  total  time  the  power  has  wen 
off  Ix-cause  uf  these  troubles  is  33  minutes. 


DISCUSSION 

Mu.  How'Ks:  Since  1  wrote  this  paper  we  have  received 
the  voltage  regulator,  and  wt  had  it  installed  in  time  for  me  to 
know  the  results  before  I  left  Spokane.  We  succeeded  in  hold- 
ing  our  voltage  at  Spokane  practically  steady.  There  was  a 
variation  not  to  exceed  three-fourths  of  a  volt  above  or  below 
the  normal  on  a  ti6-volt  basis.  Ai  the  other  end  of  the  line 
this  cut  down  the  variation  to  a  trifle  over  one-half  of  what  we 
had  before.  Then  the  controller  for  the  motor  arrived,  but 
without  a  time-relay  device.  When  that  was  installed  we  cut 
down  the  variation  at  the  other  end  to  one-hatf  of  what  it  was 
then,  leaving  us  with  a  variation  at  the  other  end  of  the  line  of 
about  one-fourth  of  what  it  was  when  I  wrote  this  paper.  We 
have  now  total  variations  of  tive  to  six  per  cent  at  the  end  of  the 
line  in  extreme  case*.     I  have  copies  of  some  voltage  charts 
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thai  I  made  juit  before  leaving  Spokgine,  and  fthall  be  glad  lo 
show  them  lo  »ny  member  who  is  interested  in  the  work, 

TllK  Prksiuknt  :  Mr.  Howes'  paper  is  now  before  you.  I( 
(here  is  no  discussion  on  ihis  paper  ihc  chair  will  proceed  lo  the 
next  paper 

Mk.  R.  S.  Kslsch  (Montreal);  I  ask  how  many  times  it  has 
been  necestary  lo  shut  down  this  high-ten»ion  transmission  line 
to  make  repairs,  or  »ny  other  changes,  in  addition  to  the  seven 
limes  in  the  eight  months  that  have  been  referred  to  ? 

Mil.  Huwtis:  The  power  has  never  been  cut  oEf  for  repairs 
except  to  cut  in  the  substations.  We  made  the  mo&t  of  the 
opportunity  while  cutting  in  these  seven  substations.  Each 
time  we  shut  down  we  renewed  any  damaged  insulators,  chiefly 
caused  by  boys  throwing  stones  or  shooting  small-calibre  rifle* 
at  ihem.  They  were  conicmplaiing>  arranging  for  a  short  shut- 
down as  I  was  leaving,  to  change  some  temporary  connections 
and  replace  damaged  insulators,  and  ii  has  probably  been  made 
by  this  time,  but  we  have  not  made  any  solely  for  repairs. 

Ma.  GossLEK  :  I  notice  on  page  93  that  you  refer  to  having 
three  banks  of  lightning  arresters,  one  at  the  end  of  the  line, 
one  al  Spokane,  and  one  about  10  miles  from  the  end  of  the 
line.  Have  you  had  any  lightning  storms  since  the  line  has 
been  in  operation,  and.  if  so,  what  was  the  effect  on  the  line  ; 
also  what  was  the  amount  of  power  being  transmitted  at  the 
time  of  the  storms? 

Mr.  Huwes:  A  few  days  before  I  left  there  was  quite  a 
severe  storm.  We  never  have  such  severe  storms  as  in  the  East 
or  in  the  middle  states,  but  we  have  had  a  number  of  ordinary 
storms  without  any  effect  whatever.  The  last  storm  punctured* 
(he  insulation  on  a  current  transformer  for  operating  the  high- 
tension  circuit-breaker  in  a  substation  and  caused  a  shut-down 
of  about  ;o  minutes.  A  day  or  two  afterward  a  shut-down  of 
over  an  hour  was  caused  by  a  road  supervisor  putting  several 
Sticks  of  dynamite  under  the  Stump  of  a  tree  and  blowing  it 
through  the  wires.  It  twisted  the  wires  all  together,  but  we  had 
the  power  on  again  in  a  little  over  an  hour.  These  arc  the  only 
two  instances  of  serious  line  trouble  that  we  have  met  with. 

Dn.  Louis  Bel.!.  (Boston):  Mr.  Howes'  experience  with  that 
big  induction  motor  at  the  end  of  the  tine  is  one  that  should  be 
borne  in  mind  by  every  one  running  a  big  trantmlAion  system, 
for  this  reason :  For  some  reason — perhaps  a  psychological 
one — which  is  inexplicable  to  mc,  people  ask  or  expect  that  in- 
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duction  motors  shall  show  a  degree  of  immunity  from  troubles 
produced  on  the  line,  and  other  ills  that  motors  are  heir  to.  that 
is  quite  different  from  anything  we  have  been  led  to  expect  or 
lo  which  we  have  been  accustomed  with  continuous-current 
motors.  A  big  motor  of  that  kind  is  bound  to  make  trouble 
unless  the  aianing  rheostat  is  laid  out  with  the  idea  of  avoiding 
trouble.  If  it  is  laid  out  on  merely  general  principles,  as  a 
rheostat  might,  could,  or  should,  be  laid  out,  if  then  the  motor 
is  going  to  some  unknown  place  and  is  put  on  the  end  of  a  too- 
mile  transmission  line,  it  Is  almost  certain  that  there  will  be 
constant  trouble  from  it,  for  the  simple  reasoo  th;tt  the  lower 
steps  of  the  starting  rheostats  arc  not,  in  three  cases  out  of 
four,  made  with  the  line  gradations  necessary. 

Mr,  Howes  has  found  it  necessary  to  make  an  emergency 
regulator  for  just  that  purpose,  so  that  in  every  case  in  dealing 
with  the  induction  motor  at  the  end  of  a  long  line,  particularly 
a  big  motor  (and  all  big  motors  are  slow-speed  motors,  in  which 
the  power  factor  is  liable  to  be  low  ni  times),  it  must  be  a 
matter  of  prime  necessity  to  get  at  the  design  of  the  rheostat 
and  lay  it  out  with  intelligence  and  care,  as  in  the  case  of  a 
continuous-current  motor  of  the  same  rating.  Under  these 
circumstances,  relatively  little  trouble  will  be  experienced  from 
these  big  motorii. 

Corresponding  lo  the  conditions  of  regulation  imposed  by 
that  unfortunate  rheostat,  comes  the  question  of  the  power 
factor  of  the  circuit :  and  it  is  worth  while  calling  attention  to 
the  (act  that  unity  power  factor  is  a  point  where  the  system 
gets  a  bit  hypersensitive  t  believe  one  can  do  better  by  run- 
Wng  a  little  under  unity  power  factor  all  the  lime,  never  giving 
the  current  a  chance  to  cross  and  become  a  leading  current. 
We  can,  by  working  at  power-factor  unity,  get  oscillatory 
factors  in  both  directions,  with  magnctixing  and  demagnetizing 
action  on  the  generator  coming  in  quick  succession  in  response 
to  changes  in  load.  The  big  induction  motors  are  known  to 
have  a  considerable  steadying  property,  and  if  this  steadying 
property  is  so  utilUed  as  never,  except  for  the  moment  of  start- 
ing on  an  empty  line,  to  pass  to  a  negative  power  factor,  so  to 
speak,  and  thus  pass  on  to  a  leading  current,  the  chances  of 
oscillatory  shifts  of  voltage  wilt  be  in  great  measure  obliterated. 

Mk.  W.  L.  AitHoiT  (Chicago):  1  ihink  the  success  of  the 
Spokane  company  with  its  line  has  been  very  good,  considering 
the  experieoce  the  Commonwealth  Electric  Company  has  had 
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with  its  only  overhead,  9000-voll.  three-phase,  is^cycle  line. 
which  is  about  nine  miles  long.  Where  this  line  runs  in  the 
city  we  have  had  trouble  as  often  as  once  a  month,  due  to 
malicious  mischief.  It  was  put  out  of  business  once  by  light- 
ning and  twice  by  boys  with  hay-baling  wire,  and  in  one  case 
with  a  trace  chain  ;  again,  by  some  one  who  needed  the  copper. 
In  a  recent  instance,  about  ten  days  ago,  a  boy  who  knew  how 
to  make  a  Fourth  of  July  demonstration  threw  a  chain  over  the 
lines  and  burned  two  of  them  oft.  One  of  the  wires,  in  falling, 
struck  him  on  the  shoulder  and  burned  him  severely. 

The  President  :  Before  proceeding  to  the  next  paper  we 
will  go  back  to  the  reports  of  committees  that  were  left  over 
from  the  session  of  this  morning.  We  will  take  up  the  report 
of  the  committee  on  standard  candle-power  of  incandescent 
lamps,  Dr.  Louts  Bell,  chairman. 

REPORT   OF  COMMITTtE   ON    STANDARD    C ANDLE-POWER   OK 
INCANDESCENT    LAMPS 

Dr.  Bf.[.l  ;  Your  committee  on  the  standard  rating  of  in- 
candescent lamps  has  only  a  brief  verbal  report  to  make  before 
asking  to  be  discharged.  The  commercial  conditions  of  in- 
candescent lighting  have  remained  fairly  stable  during  the  past 
year  ;  that  is,  primary  standard  lamps  are  now  available  from 
more  than  one  concern,  and  in  general  the  conditions  regarding 
standardization  of  lamps  have  taken  a  very  quiet  course,  so  that 
it  is  hardly  necessary  to  comment  on  that  at  length  or  to  make 
any  extended  report.  I  feet  that  the  work  of  the  committee 
was  pretty  much  accomplished  when  the  time  came  that  stand- 
ard lamps  could  be  obtained  and  a  general  understanding  was 
reached  as  to  what  would  be  desirable  in  the  matter  of  rating 
and  measuring  lamps. 

This  being  done,  your  committee  asks  to  be  discharged. 
But  in  closing  I  should  like  to  make  one  recommendation,  and 
that  is  that  in  cases  of  reports  of  this  really  technical  character 
a  closer  co-operation  of  the  members  of  ihe  association  is  neces- 
sary. The  members  can  do  a  great  deal  more  for  each  other, 
working  through  a  committee,  than  the  committee  itself  can 
do  for  any  of  them,  and  the  suggestion  that  your  committee  has 
to  make  is  that  in  cases  where  work  of  this  kind  is  to  be  under- 
taken a  proper  method  of  doing  it  would  be  to  send  out  to  all 
the  members  of  the  association  a  searching  circular,  asking  for 
detailed  statements   of  conditions  as  they  find   them,  and  tliat 
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the  answers  to  these  circulars  be  digested  and  passed  out  as  a 
confidential  document  so  that  every  member  of  the  association 
might  know  what  the  other  members  arc  doing  and  their 
opinions  on  all  important  points.  At  a  subsequent  convention 
a  special  or  general  committee,  or  some  one  in  charge  of  the 
matter,  could  take  hold  of  the  valuable  data  thus  obtained  and 
make  a  report  with  which  every  one  who  had  participated  in 
gathering  material  for  it  would  feel  familiar  and  could  discuss 
to  the  best  advantage.  This  is  a  suggestion  thrown  out  to 
facilitate  the  handling  of  these  technical  questions. 

Vour  committee  asks  to  be  discharged. 

M».  Anthonv  :    I  move  that  the  committee  be  discharged. 

(The  motion  was  carried.) 

The  President  :  We  will  now  consider  Mr.  Eastman's 
paper,  entitled  "  The  Advisability  and  Methods  of  Grounding 
the  Neutral  on  High-Potential  Alternating-Current  Generators." 


In   abftlrotct    of    (he    (ollowtns   paper  was    read    by 
George  N.  HaMman,  of  Chicago : 

THE  ADVISABILITY  AND  METHODS  OF 
GROUNDING  THt  NEUTRAL  ON  HIGH- 
POTHNTIAL  ALTERNATING-CURRENT 
GENERATORS 


It  is  the  principal  object  of  this  paper  (o  present  a  ic<K 
conditions  that  will  arise  un  any  alternating-current  sysietn, 
resulting  in  a  prndiiciinn  of  daiig^^rous  pdtentlals  relative  to 
earth,  and  to  show  that  these  conditions  will  arise  only  on  a 
system  that  is  insulated  from  the  earth.  The  conditions  and 
problems  presented,  when  carcfnily  considered,  will.  I  believe, 
show  that  any  advantages  [hat  may  be  obtained  by  operating  a 
»yst«in  insulated  from  earth  will  be  more  than  offset  by  the 
liability  of  obtaining  high  potentials  relative  to  the  earth,  as 
herein  described. 

The  relative  potcntt;«l»  between  any  part  of  a  high-potential 
alternating-current  system  and  ground  will  be  governed  by  the 
distribution  of  the  electrostatic  capacity  of  the  line  conductors 
and  the  apparatus  connected  thereto.  In  general,  the  insulation 
resistance  to  ground  will  have  practically  no  influence  on  the 
relative  ground  potentials.  This  will  be  readily  seen  by  com- 
paring the  Insulation  resistance  of  an  ordinary  circuit  with  its 
reactance  of  condensance  :  for  example  :  The  insulation  resist- 
ance of  a  circuit  one  mile  in  length,  consisting  of  two  No.  oooo 
conductors,  placed  12  inches  apart  in  air,  would  normally  exceed 
500  megohms.  The  condensance  between  the  conductors  with 
tio  cycles  would  be  approximately  160,000  ohms.  In  a  No.  0000 
paper- insulated,  to,ooo-volt.  lead-covered  cable,  the  insulation 
resistance  between  any  conductor  and  the  lead  should  exceed 
500  megohms.  The  condensance  between  a  conductor  and  lead 
will  be  approximately  14,000  ohms. 

Any  condition  that  will  arise  on  a  high-potential  alternat- 
ing-current system,  which  is  insulated  from  earth,  disturbing 
the  relation  of  electrostatic  capacities  in  any  part  of  the  system, 
will  atlect  the  ground  potentials  throughout  the  entire  system. 
This  can  be  best  shown  by  considering  the  problems  that  will 
arise  in   a   particular   installation.     For   this   purpose,  1    have 
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chosen  a  four-wire,  three-phase  system  and  will  describe  some 
conditions  (he  consideration  of  which  has  led  the  engineer  of 
the  Chicago  Edison  Company  and  the  Commonwealth  Electric 
Company  to  ground  permanently  the  neutral  of  all  their  high- 
poiential  alternating-current  generators. 

In  December,  1900,  the  Commonwealth  Electric  Company 
of  Chicago  completed  a  new  power  station  in  which  were  in- 
stalled one  500-kw  and  one  1000-kw  star-wound,  60-cycle,  three- 
phase,  alternating-current  generators,  designed  to  operate  at  a 
star-potential  of  ajoo  volts  or  3980  volts  between  phases. 
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The  switchboard  was  so  arranged  that  the  distributing- 
circuits  could  be  operated  all  in  multiple  on  one  four-wire  'bus 
with  parallel  operation  of  generators,  or  divided  between  two 
'busses  wiih  the  generators  operating  independently.  The  dis- 
tributing system  consisted  of  350  miles  of  overhead  conductor 
and  14.5  miles  of  underground  cable.  Che  greater  part  of  which 
had  previously  been  operated  as  single-phase  circuits  at  a 
potential  of  looo  volts.  These  circuits  were  rearranged  and 
subdivided  into  two-wire,  single-phase  lighting  circuits,  three- 
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wire,  three-phase  power  circuits,  and  two  four-wire,  three-phase 
transmission  lines,  connecting  the  generating  station  to  a  dis- 
tributing substation.  A  diagram  of  system,  showing  parallel 
operation  of  generators,  is  given  in  Figure  i. 

Since  the  three-wire  circuits  have,  no  neutral  and  the  four- 
wire  transmission  lines  have  but  one  neutral  conductor  for  the 
three-phase  conductors,  the  total  length  of  line  conductors  con- 
nected to  the  neutral  'bus  was  less  than  the  total  length  of  line 
conductors  connected  to  the  phase  'busses.  Of  the  364.5  miles  of 
circuit  conductors,  15S  miles  of  overhead  lines  and  six  miles  of 
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underground  cable  were  connected  to  the  neutral  'bus,  the  re- 
maining 19J  miles  of  overhead  lines  and  8,5  miles  of  under- 
ground cable  being  distributed  between  the  phase  'busses. 

As  shown  in  Figure  i,  the  lighting  circuits  are  so  arranged 
that  they  may  be  operated  between  the  neutral  and  either  of 
two  phase  'busses  ;  this  arrangement  being  made  for  the  pur- 
pose of  distributing  the  lighting  load  equally  between  the  three 
phases  of  the  generators. 

It  is  obvious  that  in  this  system  the  number  of  miles  of 
circuit  conductors  connected  to  each  of  the  three  phase  'busses 
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will  depend  on  the  length  and  load  of  the  lighting  circuits. 
The  chances,  therefore,  of  obtaining  an  equal  length  of  circuit 
conductors  on  each  phase  'bus  would  be  very  remote.  Assum- 
ing that  this  condition  were  obtained,  there  would  be  connected 
to  each  phase  'bus  64  miles  of  overhead  and  3.8  miles  of  under- 
ground conductor.  This  condition  would  represent  a  system  in 
which  the  electrostatic  capacities  are  balanced.  The  conden- 
sance  of  the  entire  system  between  neutral  and  ground  would  be 
4.3  microfarads.  The  condensance  between  each  phase  and 
ground  would  be  2.3  microfarads.     This  condition  is  represented 
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diagrammatically  by  Figure  2.  ABCN  represents  the  star  dia- 
gram of  pressure;  the  condensance  between  phase  conductors 
and  ground  being  represented  by  Ca.  Cb  and  Cc  and  the  conden- 
sance between  the  neutral  and  ground  being  represented  by  Or. 
With  60  cycles,  the  reactance  of  each  phase  condenser, 
which  connects  the  phase  to  ground,  will  be  1700  ohms.  The 
reactance  of  the  neutral  condenser,  which  connects  the  neutral 
to  ground,  will  be  900  ohms.  It  is  obvious  that  with  this  condi- 
tion the  voltage  impressed  on  each  phase  condenser  will  be  the 
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same,  and  so  long  as  the  system  is  free  from  ground  no  potential 
will  exist  between  the  neutral  of  system  and  ground.  Should 
one  phase  conductor  become  grounded  in  any  manner,  the  rela- 
tive potentials  between  the  system  and  ground  will  be  changed. 

An  equation  was  derived  in  the  following  manner  to  deter- 
mine the  relative  potential  that  will  exist  between  the  neutral 
of  the  system  and  ground  when  one  phase  becomes  grounded 
through  a  purely  chmic  resistance. 

Substituting  values  for  the  reactance  of  condensance,  in 
Figure  3,  let  Ca,  Cb,  Cc  and  Cft  represent  the  reactance  of  con- 
densers Ca,  Cb,  Cc  and  Cn,  respectively,  and  r  represent  the 
ohmic  resistance  through  which  the  C  phase  is  grounded. 

Let  la,  lb,  Ic  and  In  represent  the  current  that  will  flow 
through  the  condensers  Ca,  Cb,  Cc  and  Cn,  respectively,  and  Ir 
the  current  that  will  flow  through  the  resistance  r. 

Since  the  sum  of  all  the  currents  meeting  at  a  mesh  point 
is  Q,  then 

/B  +  «  +  /f  +  /„  +  /r  =  0  (1) 

GA          (7A'+  NA 
From  Figure  3      I'  =  J^  -  -^^ {») 

as        GJV  4-  NB 

GC     .    GN-\-NC 

'^  =  7c:  =  —icr-  (■») 

<7iV 
'"  =  70.  «> 

CC        GAT+NC 

Substituting  current  values  in  (1)  and  solving,  when  star 
pressure^zjoo  volts. 

,VG=rCn  [2300   Cb    Cf— II50   Ca    W  — II50  Ca   Ct]  +  1992   C»  Cb  Cc  Cw  — 

/■  Cn  [ujo  Ca  a  Cc  +  r  (i9t)2  Ca  Ct  ~~  Igg2  Ca  Cc)"] 

— (7) 

r    Ch  Ci  Cc  +  Cn   Ca   Ci  +  Ch   Ca   Cc  +  Ca   Cb   Cc  +  j  Cn   Ca   Cb   Cc 

When  Ca=  Cb=  C.- 

■-     Cc     +     Ch     +  ^' 

From  equation  8  an  expression  can  be  obtained  for  the  tangent 
of  the  angle  ANG.  It  is  easier,  however,  to  substitute  numerical 
values  in  equation  8  and  lay  the  angle  off  graphically,  than  to 
solve  for  the  tangent  of  the  angle. 
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In  equation  8,  taking  for  the  values  of  Ca,  Ci,  Cc  and  Cn  the 
value  of  reactance  considered,  the  pressures  to  ground  have 
been  determined  for  values  of  r,  varying  from  infinity  to  o. 

When  r  —  inf.  KG    =        o  AG    —  3300  BG   =  i3O0  CG    =  2300 

When  r^  1000  NGi=    3g4  /<(7,  —  aoio  HGi  —  Mi-ii  CC,  =  2265 

Whenr=    500  A'6',  —  1315  ^(7,  =  aii5  ifC,  =  3610  CG,  =  l88s 

When  r  ~    125  AG,  =  2165  ^C,  —  3450  SC,  =  4190  CG,  =    755 

When  r  —        o  A'G    =2300  AC    =3980  BG   —  3gBo  CG    =       o 

This  condition  can  be  represented  diagrammatical] y  as 
shown  in  Figure  4.  Referring  to  figure,  with  C  grounded 
through  a  resistance  of  500  ohms,  the  ground  will  be  located  at 
the  point  G,  on  diagram,  and  so  long  as  the  grounding  resist- 
ance does  not  change  the  system  will  operate  with  the  relative 
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potentials  to  ground  given  in  the  above  table.  It. will  be  noted 
that  with  a  resistance  of  125  ohms,  the  potential  between  B 
phase  and  ground  is  4190  volts,  which  exceeds  the  delta  pressure 
of  the  system. 

Diagram  Figure  5  represents  a  condition  that  may  be  ob- 
tained   where  the   ground    is    of    an    inductive    character.     Let 
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N,  A,  B  and  C  represent  the  'bus-bars  of  the  four-wire,  three- 
phase  system.  One  circuit  is  shown  connected  between  the 
'bus-bars  N  and  A.  The  capacity  of  the  neutral  conductor  of 
this  circuit  is  represented  by  the  condenser  Cd.  The  capacity  of 
the  rest  of  the  system  is  represented  by  the  condensers  Cn,  Ca, 
Cb  and  Cc.  In  case  the  neutral  wire  of  the  circuit  should  be- 
come disconnected  from  the  'bus-bar,  the  phase  A  will  be 
grounded  through  the  primary  of  the  transformer  T  in  series 
with  the  condenser  Cd.     Should  the  neutral  of  the  circuit  be- 


1 

Ci 

• 

II 

^% 

T 

FU3C9 

6 

F[G,   5       ' 


come  grounded  and  disconnected  from  the  neutral  of  the 
system,  the  phase  A  would  be  grounded  direct  through  the 
primary  of  the  transformer  7".  This  is  but  one  example  of  the 
many  conditions  by  which  the  system  would  become  grounded 
through  an  inductive  reactance. 

The  following  equation  was  derived  for  the  purpose  of 
determining  the  potentials  that  will  exist  when  a  phase  con- 
ductor of  the  system  becomes  grounded  through  an  inductive 
reactance,  as  represented  in  Figure  6,  The  reactance  of  each 
phase  condenser  being  the  same,  it  is  represented  by  x.  The 
reactance  of  the  neutral  condenser  is   represented  by  y.     The 
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ohiDic  component  of  the  grounding  reactance  is  represented 
by  r,  and  the  inductive  component  is  represented  by  w. 
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Let  /„  represent  the  current  in  A  phase  condenser,  /^  the 
current  in  B  phase  condenser,  /,.  the  current  in  C  phase  con- 
denser,/„  the  current  in  the  condenser  C„,  and  I^  the  current 
in  r/.. 
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Substituting  in  equation  i6  the  value  of  1700  ohms  for  x, 
and  the  value  of  900  ohms  for^y,  and  assuming  the  resistance  in- 
series  with  the  inductive  reactance  as  zero  ;  when  w  is  equal  to 
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infinity,  the    potential   between    neutral    and    ground    is    zero : 
when  iti  has   a  reactance  of   348   ohms,  the  potential   between 
neutral  and  ground  is  infinity,  and  when  «■  has  a  reactance  of 
B 
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zero  ohms,  the  potential  between  neutral  and  ground  is  1300 
volts,  which  is  the  K  pressure  of  the  system. 

This  condition  is  represented  diagrammattcally  in  Figure  7, 
As  the  reactance  is  varied  from  infinity  to  348  ohms,  the  poten- 
tial between  neutral  and  ground  travels  along  the  line  CG^  to 
infinity.  As  the  reactance  is  further  decreased  to  zero,  the 
potential  decreases  from  infinity  along  the  line  G^C  until  the 
point  C  is  reached.  This  is  purely  a  theoretical  case,  it  being 
impossible  to  obtain  an  inductive  reactance  that  will  not  have 
an  ohmic  component ;  but  its  consideration  is  of  value  in  show- 
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ing  what  influence  the  inductive  component  of  a  ground  has  in 
determining  the  relative  potentials  between  the  S)Stem  and 
ground. 

Figure  6  represents  a  condition  of  a  ground  through  an 
ohmic  resistance  in  series  with  an  inductive  reactance.  If  we 
fix  the  inductive  reactance  at  a  value  of  695.5  ohms  and  vary  the 
value  of  resistance  from  ^ero  to  intiniiy,  it  will  be  found  that 
the  ground  potential  will  follow  the  curve  shown  in  Figure  8, 
With  r  equal  to  zero,  the  potential  between  neutral  and  ground 
will  be  1300  volts,  and  the  ground  will  be  located  at  point  G  in 
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lagram  ;  with  r  equal  to  loo  ohms,  the  potential  between 
neutral  and  ground  will  be  13S6  volis,  and  the  ground  will  be 
located  «  G,  in  diagram  :  with  r  equal  lo  infinity,  there  will  be 
no  voltage  between  neutral  and  ground. 

All  the  foregoing  examples  apply  to  the  system  when  the 
electrostatic  capacities  are  balanced.  As  previously  stated,  the 
chances  of  obtaining  such  a  condition  arc  very  rctnoie.  The 
relative  potentials  that  wilt  exist  between  the  system  and 
ground  can  be  obtained  from  equation  7  fur  any  arrangement 
of  the  electrostatic  capacities.  For  example,  consider  the  cir- 
cuits arc  so  arranged  that  in  Figure  i  the  reactance  of  Ca  = 
1150  ohms,  Cb=  tz',Q  ohms,  CV  =  2170  ohms,  and  C«  =  900  ohms. 

Substituting  in  equation  7  it  will  be  found  that  for  this 
condition  the  difference  of  potential  between  the  neutral  and 
ground  will  be  34^  volts.  Substituting  in  equation  7  the  values 
of  r  previously  considered, 

When  r  =  inf.      NG    = 
When  r  =  aooo      '""    — 
When  r  =    500 
When  r  —    tij 
When  r  =      o 

Figure  9  represents  this  condition  and  shows  the  manner  in 
which  the  poiencials  vary  when  r  is  varied  from  infinity  to  o. 

This  one  example  is  sufficient  (o  show  the  manner  in  which 
aground  will  affect  a  system  when  the  electrostatic  capacities 
of  the  system  arc  not  balanced.  The  results  obtained  by  an  in- 
ductive  ground  on  the  system  can  be  inferred  by  comparing  the 
effects  produced  by  an  ohmic  ground  under  the  two  conditions 
considered. 

It  will  readily  be  seen  that  grounding  the  neutral  'bus  will 
eliminate  the  chances  of  obtaining  high  potentials  between  the 
system  and  ground  as  described  in  the  foregoing  examples.  In 
case  of  a  solid  grounded  neutral  'bus  any  ground  on  the  phase 
conductor  will  either  be  burned  off  or  the  circuit  will  be  cut  off 
from  the  system  by  means  of  the  fuses  or  circuit'breakers  in  the 
station, 

When  this  system  was  first  put  in  operation  a  switch  was 
installed  on  the  conductor  leading  from  the  "bus-bar  to  the 
ground  plate.  In  order  to  lest  for  the  potential  between  neutral 
and  ground,  this  switch  was  opened  and  several  incandescent 
latnps  were  connected  in  series  across  the  switch.  The  potential 
between  the   neutral  'bus  and  ground   when   the   switch   was 
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opened  was  approximately  loo  volts,  but  tliis  potential  would 
vary  whenever  a  lighting  circuit  was  thrown  over  lo  another 
phase  "bus.  Sufficient  lamps  were  connected  to  withstand  a 
polenlial  of  1500  volts  without  burning  out,  and  the  system  was 
allowed  to  operate  in  this  manner  free  from  ground,  with  the 
exception  of  these  lamps.  During  a  sleet  storm,  the  evening 
following  the  installation  of  the  lamps,  the  lamps  were  sud- 
denly burned  out,  and  simultaneously  with  this  occurrence  a 
discharge  was  noted  on  Ihe  lightning  arrester  installed  in 
the  ttiiiion.      The  following  morning  a  live-kw  lighting  trans- 
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iormer  was  discovered  to  be  burned  out,  which  showed 
indications  of  having  been  subjected  to  a  destructive  high 
potential.  The  neutral  fuse  of  the  circuit  had  been  blown,  and 
the  primary  fuse  blocic  of  the  transformer  had  been  destroyed. 
After  this  case  of  trouble,  the  neutral  'bus-bars  of  the  system 
were  permanently  grounded,  and  the  system  has  been  operated 
in  this  manner  ever  since.  Ko  case  of  trouble  has  yet  been  ob- 
tained on  the  system, 'with  the  exception  of  lightning  discharges, 
in  which  high-potential  discharges  to  ground  have  been  noted. 
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The  conditions  thai  have  been  considered  in  the  examples 
shown  all  refer  to  a  four-wire,  three-phase  system.  Similar  re- 
sults will  be  obtained  in  the  consideration  o(  any  thrne-phitse, 
three-wire  system  or  of  any  alternating-current  polyphase  or 
single-phase  system  that  Is  operated  free  from  ground.  The 
consideration  of  the  conditions  that  have  been  described  led  to 
the  grounding  of  the  neutral  of  the  (generators  on  the  9000-volt, 
three-phase,  15-cyclc  system  of  the  Chicago  Edison  Company. 
Since  the  ground  has  been  placed  on  the  generators  but  one 
case  of  trouble  has  developed  in  which  there  appears  to  have 
been  excessive  potentials  on  the  system  relative  10  ground.  In 
investigating  this  case  of  trouble  it  developed  that  the  neutral 
ground  un  the  generators  had  been  upened  the  day  previous  and 
that  the  trouble  had  occurred  when  the  system  was  operating 
free  from  ground. 

The  principal  objection  that  has  been  raised  to  the  ground- 
ing of  high-potential  alternating-current  generators,  is  that 
when  a  ground  is  obtained  on  any  phase  conductor  a  heavy 
short-circuit  current  will  How,  which  will  be  liable  to  cause 
resonance,  resulting  in  a  high-potential  strain  on  the  system,  I 
have  ).hown  that  a  system  could  be  operated  continuously  with 
a  ground  on  one  phase  and  have  cited  examples  from  which  the 
current  through  the  ground  could  be  calculated  If  the  reactance 
is  known.  In  any  system  operating  multiple-conductor  under- 
ground cable,  it  is  obvious  that  should  a  ground  be  obtained  on 
one  conductor  in  the  cable,  the  ground  current  would  be  9.uffi- 
dent  to  destroy  the  insulation  between  the  conductors,  resulting 
in  establishing  a  short-circuit  between  the  phases  of  thcsystem, 
which  would  be  as  disastrous  as  a  heavy  short-circuit  between 
one  conductor  and  ground. 

It  has  aUo  been  suggested  tbac  a  resistance  be  connected 
between  the  neutral  of  the  generators  and  ground,  which  would 
limit  the  flow  of  current  produced  by  a  ground  on  the  system. 
This  would  also  have  the  effect  of  transferring  the  short  from 
between  phase  and  neutral  to  a  short  between  phases. 

I  believe  that  the  proper  manner  of  grounding  the  neutral 
of  the  generators  is  through  as  low  a  ground  resistance  as  can 
possibly  be  obtained  ;  in  this  manner  lixing  the  maximum  po- 
tential that  can  be  obtained  between  the  system  nnd  ground  at 
the  normal  potential  that  will  exist  between  the  neutral  of  the 
generator  and  its  phase  terminal.  The  best  indorsement  of 
grounding  in  this  manner  is  the  success  that  has  been  met  with 
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by  the  Chicago  Edison  Company  and  the  Commonwealth  Elec- 
tric Company  in  operating  ihcir  system  grounded. 

These  systems  have  been  operated  for  a  period  of  four 
years,  during  which  time  the  systems  have  apparently  been  en- 
tirely free  from  the  high-poteniial  breakdowns  thnt  have  been 
mei  wtih  by  other  systems  of  a  similar  character  that  were 
operated  free  from  ground.  No  elaborate  static  discharge  de- 
vices have  been  installed,  and  whenever  a  ground  was  obtained 
upon  a  circuit  that  was  not  equipped  with  a  time-limit  device 
the  circuit  has  been  opened  successfully  and  the  operation  of 
the  system  has  not  been  allected. 

DISCUSSION 

Tmk  Prjsiuknt  :  Mr.  Sastm.-in's  paper  is  open  for  discussion. 

Mr.  Hallbekc  :  li  may  be  ol  interest  to  this  association  to 
know  that  the  Cincinnati  Gas  and  Electric  Company  has  oper- 
ated during  the  past  four  years  a  system  similar  to  that  de> 
scribed  by  Mr.  Eastman,  and  I  have  had  an  opportunity  to 
observe  its  performance  during  the  past  year.  The  success  of 
the  system  is  unquestioned,  and  from  a  practical  point  of  view 
it  is  by  far  the  most  simple  and  reliable  system  (or  large  plants, 
and  Die  regulution  seems  to  be  everything  that  could  be  hoped 
for.  The  Cincinnati  company  has  had  practically  no  trouble 
from  lightning,  the  neutral,  if  anything,  protecting  the  system 
from  lightning  discharge*.  I  recommend,  however,  that  when 
the  primary  neutral  is  grounded  the  ncuiral  of  all  three-wire 
and  one  side  of  all  two-wire  secondariM  be  grounded  near  the 
transformer. 

Thk  Prksidbnt  :  Is  there  any  further  discussion  on  this 
paper f  If  not,  wc  will  proceed  to  the  next  paper,  "The 
Organization  and  Equipment  of  an  Arc-Lamp  Department,"  by 
.Mr.  Samuel  G.  Rhodes,  of  New  York. 
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Mr.  Rhodes  read  the  following  paper  : 

THE  ORGANIZATION  AND  EQUIPMENT  OP' AN 
ARC-LAMP  DEPARTMENT 


The  organization  and  equipment  of  a  separate  depart- 
ment exclusively  for  the  care  and  maintenance  of  the  arc- 
lighting  service  becomes  necessary  where  the  number  of  arc 
lamps  is  large.  The  service  is  best  maintained  at  the  high- 
est standard  when  the  work  is  specialized,  and  the  interests 
of  both  the  consumer  and  the  company  are  best  served  by 
such  an  organization.  In  considering  this  subject,  the  experi- 
ence and  data  will  be  drawn  from  the  arc-lamp  installation 
of  the  New  York  Edison  company.  The  arc-lamp  service 
supplied  by  this  company  at  the  present  time  represents  a 
total  of  19,300  arc  lamps  of  the  following  types  and  classes 
of  service  : 

COMMERCIAL    LIGHTING 

14,03s  direci-turrent  muhiple  inclosed  lamps 
641  aUernaling-curreni  multiple  inclosed  lamps 
335  dircct'Curreni  seties  open  lamps 

CITV    LIGHTING 

t,Ii6  alternaiing-current  series  inclosed  lampi 

775  dirccl-curreni  series  open   lamps 
3,400  direct-current  muUipJe  inclosed  lamps 

436  2S-cp  incandescent  lamps 

Of  this  number,  5400  are  furnished  under  wholesale  con- 
tracts, covering  supply  of  current  only,  and  are  trimmed  by 
the  customer,  who  in  addition  furnishes  all  renewals  and 
makes  all  repairs. 

The  area  within  which  these  19,300  lamps  are  installed 
is  38  square  miles,  of  whicl]  1740  lamps  within  an  area  of 
18  square  miips  are  located  in  the  Borough  of  the  Bronx, 
and  17,560  lamps  within  an  area  of  17  square  miles  in  the 
Borough  of  Manhattan,  the  total  area  of  the  latter  being  lo 
square  miles. 

In  order  to  facilitate  the  canvassing  for  new  customers. 
and  the  extension  of  the  field  of  arc  lighting,  the  contract 
department  has  included  in  its  organization  an  Arc  Lighting 
Engineer.      Under  his  direct  supervision  is   the  acquisition  uf 
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new  Brc-lighting  business,  the  reiention  of  existing  instal- 
lations, and  the  general  cure  of  the  cummcrcial  business  con- 
nected with  this  branch  of  the  company's  service.  To  him 
is  referred  prospective  arc-iamp  business  out  of  the  ordinary, 
and  in  many  Instances,  in  addition  to  being  the  contract 
ugent  ol  the  New  York  Edison  company,  he  vets,  as  it  were, 
in  the  capacity  af  engineer  for  the  customer.  His  services 
cost  the  customer  nothing,  and  it  i»  intended  that  he  shall 
endeavor  to  secure  fnr  the  customer  the  best  results  for  the 
least  expenditure.  His  assistance  may  be  of  special  impor- 
tance where  the  customer  has  found  that  his  business  does 
not  warrant  the  illumination  provided  and  desires  a  rearrange- 
ment ol  his  installation.  The  competition  with  other  forms 
of  illumination,  as,  for  instance,  the  Humphreys  gas-arc  lamp 
and  the  Ki(:>on  oil  burner,  has  provided  a  field  (or  work  of  this 
character,  the  success  of  which  is  best  attested  by  the  increase 
in  the  arc-lamp  business  of  the  New  York  lidison  company, 
an  increase  of  31  per  cent  for  the  year  ending  March  31,  1904, 
over  the  previous  year.  Part  of  this  new  business  can  be 
(airly  considered  a  natural  increase  tn  this  class  of  service,  but 
the  greater  part  was  added  to  the  company's  mains  in  sub- 
stitution for  other  forms  of  high-candle-power  lamps,  as  a 
result  of  the  inferior  maintenance  that  seems  to  be  the  rule 
in  illuminants  that  aim  to  compete  with  arc  lamps,  Arc 
lamps  of  good  design  require  but  liitlc  care  to  give  thoroughly 
satisfactory  service,  but  when  the  aggregate  number  of  lamps 
is  large,  and  is  scattered  over  a  considerable  area,  this  care 
becomes  a  matter  of  closely  followed  detail  in  order  that  the 
highest  standard  be  maintained. 

When  the  current  i»  intr«iduced  in  the  consumer's  premises, 
the  arc-lamp  department  is  advised  of  this  connection,  the  form 
of  contract  the  customer  is  operating  under,  and  any  other 
detail  that  should  be  in  its  records  to  enable  the  department  lo 
keep  in  close  touch  with  the  customer.  The  installation  is  at 
once  inspected  by  the  foreman  trimmer,  the  icquiremcnis  of  the 
service  arc  noted  and  the  customer  is  added  to  the  route  of  the 
trimmer  in  whose  territory  the  installation  is  located. 

In  maintaining  the  character  of  the  service,  and  the  upkeep 
of  the  apparatus — of  each  particular  installation  regardless  o( 
its  size,  requirements  or  location — it  has  been  found  to  be  un- 
wise to  rely  entirely  on  the  trimmer,  be  he  ever  so  careful  a 
wurkman  and  conscientiuus  an  employee.     Some  form  of  tabu- 


latcd  reports  and  lecords  shotild  be  provided  for  the  inspections 
and  supervision  of  this  work,  and  while  it  ts  essential  ttiat  all 
systems  of  providing  records  be  complete  and  in  detail,  they 
should  be  o(  the  simplest  character.  The  card-i'iliiig  system  u 
used  as  far  as  possible,  and  the  fallowing  card  contains  about 
all  the  record  that  will  be  found  necessary. 

No  explanaiion  is  necessary  except,  possibly,  to  add  that 
the  cards  are  filed  according  to  avenues  and  streets,  and  that 
when  the  consumer  ceases  to  be  a  customer  the  card  is  placed 
among  the  disconnected  installations.     Reference  is  possible  «t 
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any  time,  and  the  exact  status  of  the  customer's  installation 
qtiickly  available. 

The  concentration  of  one  class  of  business  in  a  separate 
division  or  department,  if  of  enough  magnitude,  not  only  tends 
to  the  proper  mainlainancc  of  the  service,  but  specializes  the 
irork  and  injures  the  best  results.  The  specialization  of  arc 
Ighiing  not  only  improves  the  quality  o(  the  work  but  makes 
petsible  economics  aot  obtainable  under  any  other  fo^m  of 
organization.  The  development  of  the  inclosed  lamp  has 
opened  great  possibilities  in  [he  exercise  of  economy  if  the 
maintenance  and  repair  accounts  arc  carefully  scrutinized. 

The    trimmer    who    is    responsible    for    a    route    with    an 
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average  of  650  lampsi,  and  o(  as  many  hs  35  different  type), 
must,  of  necessity,  be  a  better  w-orkman  than  the  old  open- 
arc  lamp  [rimmer.  With  him  rests,  besides  the  regularity 
of  the  service,  the  fullitlment  of  the  foreman's  ideas  on 
proper  maintenance.  While  a  trimmer  may  be  classed  as  an 
unskilled  worlcman,  time  expended  in  specially  training  him 
for  his  work  is  time  well  spent.  Careful  and  constant 
coaching  will  in  a  short  lime  give  him  a  knowledge  of  the 
many  little  kinks  and  expedients  to  be  made  use  of  to  insure 
the  best  utilization  of  the  carbons,  and  the  highest  iiuality 
of  service. 

Fur  the  trimmer's  guidance,  end  so  that  he  can  arrange 
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his  route  for  each  succeeding  day,  a  form  of  trimmer's  route 
sheet  is  used  as  shown  in  Figure  1. 

This  sheet  also  provides  a  ready  reference  as  to  the 
number  of  carbons  used 'by  any  one  customer,  from  month 
to  month,  and  is  a  check  upon  the  number  of  lamps  trimmed 
and  inspected.  The  total  number  of  carbons  used,  is  readily 
obtainable  and  can  be  checked  with  the  number  furnished 
the  trimmer  daily  by  the  supply  department.  This  form  alto 
provides  a  method  of  accurately  determining  the  number  of 
inner  and  outer  globes  used  by  the  trimmer  per  lamp  per 
month.     These  various   records   are   necessary  to  secure  ceo- 
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nomical  operalion  and  are  all  of  a  character  that  ihc  trim- 
mers can  easily  understand.  A  comparison,  posted  each 
month,  of  the  trimmers'  accounts,  is  far  more  eloquent  than 
a  sermon  (see  Figure  3). 

This  scheme  of  compurisons  is  likely  to  result  in  maintain- 
ing the  lamps  on  the  route  in  better  condition,  as  a  lamp  in 
goixi  repair  requires  fewer  renewals  of  inner  and  outer  globes 
and  carbons. 

Before  the  supplies  required  for  the  trimming  of  the  lamps 
arc  furnished  to  the  trimmer,  they  have  been  first  compared 
with  the  specifications  under  which  they  were  ordered.  This 
comparison  is  made  by  the  supply  department,  subject  to  the 
instructions  of  the  arc-lamp  foreman  and  before  the  material 
is  put  into  slock.  This  precaution  insures  the  delivery  of 
carbons  within  the  gauge  limits,  inner  globes  of  the  correct 
dimensions  and  squarely  ground  edges,  and  outer  globes  of 
uniformity  as  to  size,  shape,  and,  if  oT  alabaster,  of  color  also. 
A  useful  report  turned  in  by  the  trimmer  is  that  covering  a 
change  or  contemplated  change  in  the  system  of  illumination. 
The  "memorandum"  shown  is  filled  out  by  the  foreman  and 
forwarded  to  the  lighting  engineer.  It  has  been  our  experi- 
ence that  other  forms  of  illumination  are  usually  installed 
temporarily  on  trial,  and  prompt  attention  to  the  report  of  the 
foreman  often  eliminates  the  suggestion  of  considering  any- 
thing but  arc  lighting. 

It  is  also  made  an  evidence  of  good  service  on  the  part  of  the 
trimmer  to  receive  no  criticism  of  his  work  from  the  customer. 
This,  io  itself,  would  b;  impracticable  without  ihc  co-operation 
of  the  trimmers  and  the  repair  branch  of  the  department.  The 
co-operation  of  the  trimmer  and  the  repair  man  is  insisted  upon 
and  the  routine  Is  planned  so  that  this  co-operation  is  made 
easy.  Kach  commercial  Irininier  personally  O.  Ks,  his  route  at 
the  close  of  the  day  to  the  foreman  in  charge  of  commercial 
lamps  and  reports  to  him  in  detail  any  trouble  that  the  cus- 
tomer may  have  complained  of,  or  any  request  made  for  in- 
formation he  may  have  received.  The  importance  of  these 
reports  can  not  be  overestimated,  as  they  are  a  direct  expression 
of  opinion  from  the  customer,  and  If  of  criticism  can  be  acted 
on  at  once  and  ihe  cause  of  complaint  removed.  Every  request 
of  the  customer,  made  either  through  Ihe  trimmer,  another 
employee,  or  through  other  channels,  is  made  part  of  the  depart- 
mental records. 
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The  following  form  of  repair  slip  is  used,  and  in  addition  to 
the  signature  of  the  customer  acknowledging  the  completion  of 
satisfactory  repairs,  a  check  is  provided  as  to  the  time  consumed 
in  making  the  repairs.  This  in  itself  is  an  important  factor  in 
securing  service  of  the  highest  character.  The  usefulness  of 
these  slips  is  not  yet  exhausted,  as  reference  to  the  reverse  side 


O.  No. 


.M' 


EPAIR  ORDm. 


Jfo-^VS-fS- 


DMiref  rapa4ra  atad«i 


(X^L<^J'. 


e^t^t^cA»u<_ 


Repairs  gatU/aetorUif  eompUtad. 

_.,.- 190    ,  Of, o'dMfc. 


Fii;.   5— Pack  hf  Kkkaik  Ordkk 

will  show  the  "trouble"  and  its  remedy.  The  slips  are  filed  in 
envelopes  of  about  the  same  size  and  arranged  in  cabinets.  Tne 
foreman  does  this  filing,  and  he  can  thus  keep  in  close  touch  with 
the  condition  of  each  individual  installation  by  referring  to  the 
slips  already  in  the  envelope.  The  highest  point  of  efficiency 
is  possible,  as  the  requirements  of  each   installation  are  made  a 
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matter  of  record  ;  any  shortcomings  are  clearly  shown  by  the 
contents  of  the  envelopes,  and  steps  can  be  taken  to  eliminate 
any  particular  cause  for  dissatisfaction. 

The  repairs  to  the  customers'  installation  are  also  under 
the  jurisdiction  of  the  foreman  of  the  trimmers.  As  most  of 
the   repair  calls   are  of  a  minor  importance,  taking  but  little 
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time  to  remedy,  the  most  efficient  way  is  to  have  the  repair- 
men report  to  the  district  headquarters  and  there  receive 
and  attend  to  repair  calls.  These  repairmen  are  expert 
wireroen,  having  a  good  working  knowledge  of  the  various 
types  of  apparatus  connected   to  the  company's  mains,  and  in 
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ih^work  of  ihe  repairman  as  well  ax  the  trimmer,  and  coe^ 
iiae%  extensive  repairs,  outside  the  repair  shop,  to  one  man. 
Should  the  lamp  require  changing,  the  adjustmcni-room 
is  called  on  for  a  new  or  readjusted  lamp.  The  entire  stock 
of  arc  lamps  is  carried  in  one  place — a  scheme  that  has  been 
(ound  to  decrease  the  amount  of  surplus  stock.  The  arc- 
lamp  shops  arc  equipped  to  repair  and  readjust  lamps  o( 
all   types  and  systc'ms,  the  various  types  of  current  required 
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being  available  The  work  is  under  the  supervision  of  a 
working  foreman,  who  is  responsible  for  all  the  lamps  that 
are  tested  and  (or  their  operation  after  leaving  the  adjust- 
ing-room. It  has  been  found  that  one  man  is  required  for 
each  600  open  lamps,  while  one  man  can  readily  look  after 
the  shop  repairs  necessary  to  an  installation  of  1000  inclosed 
lamps.  But  few  records  are  required  in  the  shop,  and  thosa 
9 
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l^mp  repair-shop  work  ihcre  are  several  tabor-saving  devices 
of  a  character  exclusively  applicable  lo  arc-lamp  repairs. 
The  illustrations  herewith  submitted  are  a  combination  car- 
bon cutter  and  punch  for  cutting  washers,  etc.,  and  an  inner 
globe  washing  machine. 

The  latter  machine  Is  operated  by  a  .»s-hp  motor,  and 
is  constructed  with  a  hollow  shaft  and  an  automatic  water 
cut-off  so   that  no  water  is  lowing  except  when  the  revolv- 
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ing  brush  Is  msidc  ine  globe.  A  boy  can  clean  iioo  globes 
lin  a  day  of  nine  hours  with  this  machine. 
There  is  but  little  change  in  the  methods  employed  In 
trimming  the  inclosed  lamps  for  street  lighting  as  compared 
with  the  old  type  open-arc  lamps.  In  the  congested  districts 
of  the  city  the  street  lamps  are  suspended  from  all  iron 
Bishop  Crook  posts  without  steps  and  an  i8-foot  rung  ladder 
Is  used  to  trim   with.      For    inclosed-arc  city  lamps — lighted 
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from  dusk  to  daylight  every  night — using  an  i8-foot  ladder 
for  trimming^-onc  man  takes  care  of  about  85  lamps  ea<:h 
day ;  trimming  the  lamps,  cleaning  the  outer  globes,  and 
changing  the  inner  globes  on  such  lamps  as  have  the  Inner 
globes  discolored.  The  route  of  the  city  incli^&eiJ-Iamp  trimmer 
varies  daily,  the  average  distance  covered  being  approxi- 
mately seven  miles.  For  the  same  class  of  service  in  the 
suburban  districts,  with  the  lamps  spread  over  a  larger  area, 
the  trimming  is  done  with  the  aid  of  a  horse  and  carl.  The 
routes  vary  from  la  tu  19  miles,  the  average  being  14  miles  a 
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day,  each  route  being  made  up  of  .about  1 1 j  lamps.  The 
irimming  of  the  city  and  commercial  arc  lumps  of  the  Brush, 
Thomson-flousion  and  Adams-Bagniill  open>arc  types,  is 
restricted  to  trimmers  who  are  assigned  lo  this  class  of  service 
eiclusively.  The  routes  average  seven  to  ten  miles  and  are 
made  up  of  from  1 10  to  125  lamps,  It  is  well  to  confine  open, 
arc  lamp  trimming — the  lamps  requiring  attention  each  day — 
to  a  route  composed  exclusively  of  such  lamps,  leaving  the 
inclosed-arc  trimmer  free  to  change  his  route  from  day  to  day 
according  to  circumstances 

The  severe  requirements  of  municipal  lighting  in  a  mciro- 
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poliun  city  necesfiute  an  organiKation  ibat  will  fulfill  every 
requirement  and  keep  ihe  service  up  to  the  very  highest 
standard. 

About  iioo  constant-current,  alternating-current,  inclosed 
lamps,  connected  to  overhead  circuits  in  the  Borough  of  (he 
Bronx,  and  about  800  constant-current,  direct-current,  open 
lamps  on  the  uoder)t;round  circuits  in  Manhattan,  are  in  use 
for  city  lighting,  in  addition  to  1400  diiect-currenl  multiple 
lamps.  The  services  of  three  night  linemen  in  the  various  dis> 
tricts  are  available  in  case  of  either  an  open  or  grounded 
circuit,  and  wilh  the  help  (if  the  nearest  patrolman  the  lineman, 
except  in  extreme  cases,  can  repair  a  circuit  in  a  short  time. 
Night  patrolmen  are  atloiied  to  a  territory  in  which  tbey  can 
see  all  of  the  lamps  at  least  three  times  each  night  after  the 
lamps  are  all  started.  A  daily  report  of  the  outages  in  hit 
district  is  made  by  each  patrolman  in  a  book  provided  tor  the 
purpose.  This  report  is  entered  in  detail  and,  in  addition  to 
the  inspector's  report,  the  repairs  maile  are  filed  opposite  the 
original  entry.  A  simple  form  of  card-tiling  system  is  used 
as  an  index  to  the  tpccitic  reporls  of  any  individual  lamp. 

Each  morning  the  foreman  goes  over  the  report  of  the 
previous  nighi  and  stamps  the  date  <>n  the  lamp  card  with  a 
dating  stamp.  Kefcrcnce  to  the  dates  on  the  card  provides  an 
index  so  that  the  previous  reports  can  be  ascertained  in  detail. 
He  is  thus  enabled  to  note  when  the  last  report  was  filed 
against  the  lamp,  the  nature  of  the  trouble,  and  how  long  the 
lamp  has  been  in  service,  and  to  order  a  new  tamp  installed 
or  give  orders  for  its  repair.  These  cards  also  provide  a  method 
of  keeping  a  record  of  the  condition  of  the  post  equipment. 

In  addition  to  the  arc  lighting  in  Manhattan  and  the 
Bronx  there  are  lOi  alternaling-currenl  series  inclosed  lamps 
and  356  alternating-current  scries  aj-cp  incandescent  lamps 
in  the  Riverdale  section.  These  lamps,  together  with  ihe  com- 
tnercial  service,  are  supplied  from  a  6400-volt  transmission 
line  between  the  generating  station  at  i40tb  street  and  Rider 
Avenue  and  the  Vunkers  station.  The  Riverdale  section  is 
nine  miles  distant  from  the  Bronx  district,  and  it  has  been 
found  best  to  operate  it  as  an  independent  district.  Tbc 
maintenance  of  (he  outside  equipment  and  the  operation  of 
the  substation  arc  both  in  charge  of  two  linemen.  These  men 
trim  the  lamps,  start  up  the  constant-current  transformers  at 
dusk  and  take  them  od  at  daylight,  inspect  the  city  lighting 
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after  starting  time,  make  minor  repairs  to  both  the  cotn- 
mercial  and  the  city  insiallaiioRs,  and  uke  care  of  all  line 
trouble  In  their  territory.  These  meo  report  the  Installation 
requirements  in  detail  and  are  governed  by  the  instructions 
of  the  Bronx  district  superintendent. 

The  1400  direct-current  multiple  lamps  are  connected  to 
underground  low-tension  mains  and  arc  turned  on  and  turned 
oS  individually.  Failing  of  the  hnal  adopiion  as  yet  of  an 
.entirely  satisfactory  automatic  time  switch,  notwithstanding 
the  many  types  that  have  been,  and  many  of  them  still,  under 
test,  we  have  had  to  rcson  to  the  boy  brigade  to  do  this 
work.  Boys,  prcftfrubly  over  14  years  of  age,  and  almost  exclu- 
sively school  boys,  are  employed  at  this  work,  and  for  45 
minutes'  actual  switching  work  both  night  and  morning  receive 
$1.50  weekly.  They  lire  dividcil  in  sections  and  report  before 
commencing  work  to  the  regulator  at  the  nearest  substation. 
Three  men  in  charge  of  the  boys  cover  the  entire  city,  and  a* 
the  labor  is  of  an  erratic  kind,  care  must  be  taken  to  learn 
that  the  boy  is  actually  at  work.  The  lamp-post  keys  are 
withheld  until  10  minutes  before  the  starting  time  and  then 
are  given  to  the  boys.  Each  of  the  three  men  call  by  telephone 
(he  various  stations  the  boys  be^in  work  from,  and  in  the 
event  of  the  failure  of  a  boy  to  report,  he  lakes  his  place  on 
the  route. 

The  method  herein  described  is  perhaps  unusual  in  elec- 
trie-light  service,  but  it  has  been  found,  on  the  whole,  to 
work  satisfactorily. 


DISCUS810K 

Thk  Prksidbnt  :  I  want  to  say  one  thing  in  regard  to  Mr. 
Rhodes'  paper.  Of  all  the  papers  asked  fur  in  advance  by 
members  to  whom  I  sent  a  list  of  the  papers,  this  paper  was 
asked  for  by  more  delegates  than  any  other  paper  before  the 
convention.  Mr  Rhodes'  paper  seems  to  be  such  a  complete 
story  of  the  whole  subject  that  I  judge,  from  the  absence  of  any 
gentleman  arising  to  dttcuss  it,  that  there  seems  to  be  no  mem- 
ber who  wants  to  know  more  about  ii.  It  seems  a  shame  to 
pass  such  a  paper  without  a  very  thorough  discussion. 

Mk,  GiLOitKisT  :  Does  Mr.  Rhodes  aitribitle  this  phenom- 
enal increase  in  arc  lighting,  which  the  New  York  Hdison  com- 
pany has  enjoyed  during  [he  past  year,  to  the  service  that  is 
given   by   this   arc-light   Oepartmeni,  or  has   there  been   any 
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change  in  ihe  policy  or  prices  of  the  New  York  Edison  company 
which  would  increase  the  use  of  the  arc  lamp?  We  are  very 
anxious  tu  Increase  our  arc-light  business  in  Chicago,  but  we 
have  found  it  very  difficult  to  do  so  during  the  past  ihree  or 
four  years.  I  think  I  have  noticed  the  tendency  recently  on  the 
irt  of  the  general  public  to  use  arc  lights  again,  but  I  think  it 
due  to  3  more  strenuous  effort  on  the  part  of  the  central- 
station  people  because  ihcy  find  they  are  getting  such  sharp 
competition  from  the  various  types  o(  multiple-burner  gas 
lamps  on  the  market,  which  are  really  formidable  competitors 
of  the  arc  light, 

Mh.  RtiODSs :  Mr.  Gilchrist  has  practically  answered  the 
question.  There  has  been  very  little  change,  from  an  operating 
siundpoini,  within  the  last  eighteen  months  or  two  years.  The 
new  policy  is  really  the  work  of  our  contract  department ;  it 
brought  about  so  much  new  business  that  it  was  up  to  me  to 
get  in  line  anri  hold  wh;it  it  brought.  The  "lighting  engineer" 
is  a  new  scheme  evolved  within  the  last  eighteen  months,  and, 
as  I  said  in  my  paper,  considerable  business  came  to  us  (rom 
the  customers  using  the  Kitson  or  Humphrey  gas  burner.  The 
operation  of  both  of  these  lamps,  especially  in  the  winter-time. 
is  very  bad,  and  the  lighting  engineer,  if  he  is  a  bright  fellow, 
has  his  work  cut  out  fur  him.  Our  trimmers  brought  in  de- 
tailed reports  of  defective  lamps  of  other  forms  of  illumination 
of  interest  to  ns.  and  these  were  turned  over  to  the  lighting  en- 
gineer, who  followed  them  closely.  The  users  of  both  these 
lamps  could  not,  in  many  instances,  be  induced  originally  to 
take  the  arc  lamp,  on  account  of  tlie  expense;  but  after  they 
had  used  the  high-candle-power  lamp  and  then  saw  that  it  was 
failing  and  that  their  business  was  not  so  good  as  when  the 
tamp  was  in  good  order,  it  was  easy  for  our  agent  to  come 
along  and  guarantee  to  give  them  something  that  would  supply 
the  service  they  required  and  hold  their  business.  The  memo- 
randum forms  shown  have  been  a  great  help  to  that  business. 

Mr.  Gilchrist  ;  What  sized  lamps — direct -current,  high- 
tension  lamps — are  you  putting  out? 

Mr,  Rhodfs  r    Five  and  3.35  amperes. 

Hr.  Gilciikist  :    Do  you  furnish  the  lamps  ? 

Mr.  Rhodes  :    Ves,  sir. 

Mr.  Gilchrist  :    Have  you  always  done  that  ? 

Mr.  Rhodf.s  ;  There  has  been  a  change  in  our  policy,  and 
thai  accounts  for  the  large  number  of  different  lamps  on  some 
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of  the  routes  of  our  trimmers.    We  have  as  many  as  iwenty-five 
diEfcrent  lamps  od  one  man's  route. 

Mr.  Gilchkist  :    What  sue  is  the  3.15-ampere  lamp  ? 

Mk.  RitoiiE°. :  Thai  is  really  a  customer  saver.  I(  the  cus- 
tomer (iocs  not  want  to  pay  the  hill  (or  .1  five-ampete  tamp,  a 
3.a5-ampefe  lamp  will  probably  induce  him  10  continue  the 
service.  If  he  has  ten  3.t5-ampcre  lamps,  they  will  give  almost 
as  8:oocl  an  effect  as  ten  tive-amperc  lamps  ;  not  in  actual  re- 
sults, but  practically  so — with  the  outer  globe  removed  and  a 
flat  or  deep  shade  exposing  the  entire  inner  globe, 

Mk.  Douglass  Bcksp-Tt  (Bitliimore):  1  ask  Mr.  Rhodes 
what  is  the  cost  per  year  of  this  careful  attention  und  main- 
leuance  that  he  describes?  The  amount  will  probably  be  satis- 
factory  as  Mr.  Rhodes  will  give  it,  but  wc  arc  likely  to 
underestimate  iL  t  have  had  occasion  recently  to  investigate 
this  question  in  connection  with  one  of  the  large  companies  of 
the  country,  and  the  cost  of  this  son  of  maintenance  has  some- 
what surprised  me. 

1  should  like  lo  bring  to  your  attention  several  points  in 
connection  with  Ml.  Rhodes'  paper.  Un  page  lit  he  says  :  "The 
development  of  the  inclosed  lamp  has  opened  great  possibilities 
in  the  exercise  of  economy,  if  the  maintensnce  and  repair  ac- 
counts are  carefully  sctutinizcd." 

There  is  very  little  difficulty  in  getting  arc-light  business 
when  you  work  it  right.  If  you  go  to  your  customer  and  point 
out  to  him  what  should  be  the  standards  for  locating  the  lamps 
and  the  standards  for  using  the  lamps,  you  are  in  position  to 
give  him  good  and  acceptable  advice,  especially  if  you  take  the 
trouble  to  submit  to  him  sketches  of  his  store  or  building,  to- 
gether with  a  general  outline  of  a  scheme  for  its  lighting  It  is 
entirely  proper  that  the  central-station  man  should  take  toward 
a  storekeeper  such  an  attitude  as  this:  "For  the  interior  of 
your  store  you  require  a  five-ampere  (at  135  volts)  lamp  for 
every  300  square  feet  of  tloor  space,  the  lamp  to  be  located  with 
tile  arc  about  13  feet  above  the  floor  level.  Arc  lamps  for  in* 
lerior  lighting  of  a  store  will  show  goods  to  customers  better 
than  anything  else.  For  your  windows  you  want  to  make  an 
attractive  display  of  goods,  and  you  should  use  incandescent 
lamps."  If  you  say  that  to  the  proprietor  of  a  store  and  be 
doubts  it,  you  can  borrow  one  of  those  lumichromoscopcs,  or  use 
some  other  device,  to  prove  it.  Vou  should  tell  the  proprietor 
that  be  ought  not  to  be  satisfied  with  showing  goods  in  the 
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store,  but  should  go  outside  to  reach  the  floating  populace  on 
the  streets.  He  can  not  do  that  by  insialiing  a  good  system  of 
lighting,  but  he  must  go  further,  »nd  inHuence  people  at  a  dis- 
tance t>y  the  use  of  electric  signs. 

Even  then  you  have  not  gone  far  enough.  Vou  must  look 
over  the  available  types  of  lamps,  select  the  best,  and  install  it 
at  your  own  expense  and  maintain  and  care  for  It.  When  you 
-  do  these  things,  you  will  find  there  is  no  great  difliculiy  in 
taking  care  of  the  arc-light  stltjaiion  so  far  as  It  concerns  the 
meter  service. 

I  am  much  interested  In  developing  our  series  service.  Mr. 
Rhodes  says  the  development  along  that  line  has  not  been  very 
great.  I  dare  say  the  majority  of  us  have  a  reasonably  steady 
business  in  series  arc  tamps  ;  we  probably  have  about  the  same 
load  as  we  had  two,  three  or  four  years  ago.  By  adopting  the  ' 
suggestions  in  Mr.  Rhodes'  paper  and  carrying  out  the  ideas  I 
have  just  outlined,  we  can  develop  our  meter  business :  still, 
the  problem  of  how  to  develop  series  arc-lighting  business  re- 
mains. That  is  important,  for  the  reason  thai  the  gas  people 
have  not  finished  with  the  development  of  high -candle- power 
lamps.  The  intensive  burner  is  approaching  these  shores,  and 
we  must  do  sonieltiiiig  more  in  the  way  of  development ;  prob- 
ably by  means  of  the  scries  inclosed-arc  lamp.  We  have  the 
advantage  of  fixed  hours  of  lighting  service  and  in  prices,  half 
of  these  applying  to  the  meter  service,  because  «t  steady  load 
and  other  conditions,  not  the  least  Iroponant  of  which  is  the 
saving  of  the  current  wasted  in  resistance  in  the  meter  lamp, 

I  ask  Mr.  Rhodes  the  result  of  carrying  out  the  practice 
mentioned  on  the  hikt  page  of  his  paper  in  connection  with 
wholesale  contracts.  Is  it  not  bad,  from  a  central-station  stand- 
point, to  arrange  with  the  customer  to  have  him  take  care  of 
and  maintain  his  own  lamps  ? 

Mr.  Rhudia  :  In  a  broad  way.  no  :  in  some  instances,  yes. 
If  there  are  six,  eight,  or  a  dozen  lamps  on  a  class  of  service 
where  ihe  customer  watches  his  accounts  closely,  and  has  his 
operator  take  care  of  them,  and  ihe  operator  also  lakes  care  uf 
the  elevator  machinery  and  does  other  work,  the  lamps  will  be 
trimmed  in  between  times,  and  in  such  cases  results  are  not  apt 
to  be  very  good  ;  but  in  a  large  department  store,  for  instance, 
where  that  class  of  work  is  given  lo  a  regular  trimmer,  the  re- 
sults have  been  good.  You  might  infer  here  that  we  do  not 
help  the  customers  on  the  5400  lamps  furnished  under  whole- 
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sale  contract.  That  is  not  true  ;  the  customer  can  get  our  help 
when  he  wants  it.  IT  bis  trimmer  leaves  him  we  break  io  a  new 
man  for  him  at  his  request.  We  will  get  close  to  his  engineer 
and  tell  him  how  to  fix  the  lamps  ;  wc  will  send  a  man  to  show 
him  how  to  fix  a  particular  tjrpe  of  lamp,  so  that  he  does  not 
have  to  get  the  outside  help — often  incompetent — who  will 
charge  him  60  cents  or  more  an  hour  for  something  that  does 
not  mean  more  than  the  turning  of  a  screw-driver  or  the  truing 
up  of  a  clutch- 
Ma.  Burnett  ;  What  is  the  maintenance  per  year? 
Mh.  Rkoiiks  :  I  do  not  know  whether  or  not  I  can  give  you 
that  in  detail  :  I  do  not  know  chat  I  have  the  authority.  One 
man,  at  $it  per  week,  will  lake  care  of  650  lamps  ;  we  have 
had  them  take  care  of  750  lamps.  One  trimmer,  seven  days,  at 
'$14  a  week,  will  take  care  of  6$o  city  lam])s  In  the  repair  shop 
one  man  will  take  care  of  looo  Inclosed  lamps;  that  Is  not 
expert  labor.  One  man  at  $3.50  per  day,  and  the  rest  at  $>.oo 
per  day,  will  do  the  work  ;  one  man  to  furnish  the  brains  and 
detailed  information,  and  the  rest  of  the  men  to  follow  h^ 
instructions  ;  one  man  to  do  the  adjusting,  and  the  rest  to 
make  the  minor  changes  and  repairs,  and  that  sort  of  thing. 
Ma.  BuR.VETT  :  I  wish  to  point  out  the  great  value  of  the 
services  of  Mr.  Rhodes'  trimmers,  as  indicated  on  page  135. 
where  he  says  :  "  A  useful  report  turned  in  by  the  trimmer  is 
thai  covering  a  rhangc  or  contemplated  change  in  the  system 
of  illumination."  One  of  the  things  thai  central-station  men 
must  do  carefully  is  to  urge  each  man  in  their  employ  to  use 
his  brains  and  best  thought  to  every  possible  extent,  aside  from 
the  specific  work  that  he  in  directed  to  do. 

The  night  linemen  in  various  districts  who  are  available  in 
the  case  o(  either  an  open  or  a  grounded  circuit,  and  who  with 
the  help  of  the  nearest  patrolman — except  in  extreme  cases — 
can  repair  a  circuit  in  a  short  time,  may  well  be  used  In  the 
early  evening  for  switching  on  electric  signs  and  later  switch- 
ing them  olT  again.  These  men  du  this  in  Baltimore  with  great 
success. 

Referring,  linally,  to  the  use  of  the  automatic  time  switch. 
In  connection  with  a  stable  supply  or  fixed  installation — such  as 
a  show-window  with  a  definite  number  of  lamps  of  a  definite 
candle  power,  or  an  electric  sign — it  is  sufficient  in  the  last 
analysis  to  consider  the  time  switch  the  equivalent  of  a  meter. 
Mr,  Gtix'HHiiiT  :  Does  any  company  represented  in  this 
room  supply  diffusers  free  to  its  customers  ? 
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Mr,  Rhodes  :   Yes  ;  the  New  York  Edison  company  does  so. 

Mr.  H.  a.  Holdridge  (Omaha)  :  The  Omaha  Electric 
Light  Company  does  the  same. 

Mr.  Gilchrist  :    We  are  anxious  to  find  out  about  that. 

Mr.  Burnett  :  Our  company  is  prepared  to  do  so  if  the 
General  Electric  Company  will  adapt  the  diffusers  to  other  than 
the  General  Electric  apparatus. 

The  President  :  We  will  close  the  discussion  on  this 
paper.  I  am  very  glad  to  call  your  attention  to  the  next  paper 
on  our  programme.  It  is  by  one  of  our  past-presidents — one 
who  has  probably  given  more  attention  to  the  affairs  of  this 
association  during  the  last  fifteen  years  than  any  other  man 
connected  with  the  association.  1  am  very  f;lad  to  call  on 
Mr.  James  I.  Ayer,  of  Cambridge,  Massachusetts,  to  read  his 
paper  on  electric  heating. 


The  following  paper  vt»%  read  by  Mr,  Ayer: 

ELECTRIC   HEATING   AND  THE   FIELD 
OFFERS   CENTRAL  STATIONS 


Eleciric  Heating  is  a  subject  of  growing  interest  to  lY 
centra  I -station  manager,  and  from  the  past  feM|  years'  en 
pcrlence,  I  can  say  it  is  worthy  of  all  the  consideration  that 
may  be  given  it.  lis  development  generally  has  been  much 
slower  ihsn  any  other  application  of  electricity,  and  the  reasons 
arc  not  far  to  seek,  As  far  back  as  fifteen  or  sixteen  years  ago. 
when  (he  electric  motor  was  seeking  a  foothold  and  alternating 
current  was  grudgingly  being  given  a  place  in  the  family  of 
"systems."  eleciric  flatirons  and  eleciric  cooking  devices  made 
their  appearance. 

The  earliest  woric  of  a  substantial  character  was  begun  b; 
the  Carpenter  Electric  Heating  Company,  of  Minneapolis,  i 
t^t),  and  continued   through   a   checkered   career  for  sever 
years.     Other  companies  were   numerous  and   short-lived,  as 
most  of  them  deserved  to  be. 

While  the  earliest  products  were  not  all  that  could  be  de< 
sired,  and  much  crude  experimenting  was  conducted  at  the 
expense  of  the  enterprising  public,  some  of  the  product  jusiilied 
itself  in  the  way  of  fair  performance.  Hud  there  been  a  more 
general  use  of  current  in  residences  and  industrial  establish- 
menis,  lo  make  the  market  worth  while,  a  different  history 
would  have  been  written.  Considerably  less  than  ten  years  ago 
there  were  few  central  stations  outside  of  the  largest  cities  that 
supplied  current  in  the  daytime.  In  such  cities  the  rates  were 
high,  with  the  use  of  constant-potential  current  limited  largely 
to  the  must  important  siorc^,  few  residences,  and  fewer  indus- 
trial enterprises.  The  isolated  plants  were  small  and  were  used 
entirely  for  lighting  for  a  few  hours  a  day. 

Six  or  seven  years  ago  the  conditions  rapidly  changed,  but 
prior  to  this,  because  of  the  early  numerous  failures  of  electric- 
heating  companies  and  the  sad  experience  of  the  public  with 
much  of  their  product,  electric  heating  had  become  as  much 
discredited  as  had  the  storage  battery  earlier.  Extraordinary 
'ClToris  were  required  to  place  thr  storage  battery  where  it  right- 
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fullf  belonged,  even  several  years  after  its  revival  abroad 
pointed  the  way,  so  strong  was  the  prejudice  of  our  fraternity 
due  to  their  faich  in  tradition.  Electric  heating,  while  not 
nteriting  the  same  consideration,  was  very  seriously  retarded  in 
its  development  by  this  same  prejudice,  and  after  eight  years' 
effort,  during  wliicli  period  much  tinprovemeni  had  to  be  made 
to  make  possible  such  success  as  has  obuined,  I  can  say  that 
the  present  results  would  have  beett  achieved  much  earlier  had 
ihcrc  been  no  past. 

The  luiiire  of  electric  heating  is  assured,  and  yet  it  has  in 
it  disappointing  elements  for  its  advocates  who  do  not  rightly 
comprehend  its  limitations,  tn  the  early  days  of  electric  light- 
ing, the  salesman  confidently  asserted  that  all  the  speculative 
dreams  of  the  inventor  could  be  accomplished  by  anyone  who 
would  purchiise  his  particular  dynamo  and  appliances.  Elec- 
tric healing  is  capable  of  being  misunderstood  to  a  considerable 
degree.  The  engineer,  without  some  thought,  will  wonder  how 
we  can  successfully  heat  with  cicclricity  the  staterooms  of  an 
ocean  liner,  competing  with  steam,  while  deriving  power  from 
steam,  when  we  can  not  heat  an  otiice  with  current  from  water- 
power  at  $50  per  year  per  horse-power,  or  by  meter  at  three 
cents  per  horse>power  ;  yet  it  is  true.  If  this  is  a  problem  to  an 
engineer,  how  docs  it  appeal  to  the  layman  ?  It  will  be  found 
that  many  things  arc  possible  that  arc  nut  commercially  prac- 
tical, and  many  that  appear  so  are  not.  and  because  of  this  I 
want  to  appeal  to  you  as  central-station  men  to  get  a  grasp  of 
the  elements  of  electric  heating,  and  a  knowledge  of  working 
conditions,  that  you  may  move  rapidly  and  reap  the  beneliis  of 
intelligent  application  of  this  branch  of  development. 

For  residences,  in  all  cases,  the  rates  for  lighting  are  the 
highest  charged  for  any  service. 

Because  of  necessity  this  is  so;  on  account  of  relatively 
small  return  for  the  investment  and  maintenance  cost  required 
to  supply  a  residence  as  compared  with  other  service,  it  is  im- 
portant thai  the  customer  may  increase  the  usefulness  of  his 
supply  without  miiterially  increasing  the  COSL 

Electric  lighting  costs  more  than  gas,  directly,  but  its  many 
advantages,  such  as  cleanliness,  convenience  and  safety,  are 
gains  that  are  now  appreciated  to  have  a  cash  value. 

The  use  of  fans  and  sewlntf-machine  motors  is  not  possible 
with  gas,  and  the  operating  expense  is  slight.  By  adding  more 
of  such  elements  in  the  home — which  gas  can  not  supply,  or 
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only  In  a  crude,  imperfect  way — your  position  becomes  impreg- 
nable, for  what  your  customer  can  get  will  be  well  worth  the 
price,  and  the  cost  not  high. 

There  are  many  convenient  electric  heaters  of  small  current 
consumption  that  are  elective  in  supplying  wants  that  gas  can 
not  meet,  or  when  possible  with  gas,  the  contrast  is  even  more 
marked  in  their  favor  than  a  comparison  of  the  two  methods  of 
illumination,  and  I  will  mention  Kome  of  tliem. 

Electric  curling-iron  heaters  use  30  watts  and  arc  never  in 
service  more  than  a  few  minutes  at  a  time.  The  electric  heat- 
ing pad,  or  substitute  for  a  hot-water  bottle,  is  an  invaluable 
device  when  required,  and  uses  but  50  watts.  Electric  Hatirons 
are  made  fur  sewing-room  use  of  >oo  or  300-wati  capacity,  and 
though  frequently  tn  commission  the  period  of  operation  is 
short,  so  that  the  monthly  consumption  of  current  is  small. 
They  save  many  weiiry  trips  to  the  kitchen  for  a  hot  iron  to 
press  a  scam,  a  bit  of  lacc,  and  not  infrequently  Johnny's 
trousers. 

An  electric  tea-kettle  or  stove  using  100  watts,  or  a  small 
cup  with  heater,  will  produce  afternoon  tea  for  two,  heat  the 
baby's  milk  night  or  day,  heat  shaving  water,  and  is  of  much 
value  in  the  sick<room.  With  two  small  stoves,  a  breakfast  of 
eggs,  toast  and  colTec  can  be  prepared  on  the  dining-table  while 
you  wait,  and  you  will  not  wait  as  long  as  usual. 

A  chafing-dish  is  of  course  more  useful  for  general  cooking 
in  the  dining-room,  and  until  one  has  "lived  with  an  electric 
chafing-dish,*'  he  does  not  know  its  possibilities.  These  require 
aoo  or  500  watts,  according  to  sixe,  and  are  cheaper  to  operate 
at  lighting  rales  than  the  alcohol  kind. 

An  automatic  coffee-ura  for  the  breakfast  table  does  Its 
work  perfectly  in  from  ten  to  twenty  minutes,  using  100  to  400 
watts,  according  to  size. 

For  the  man  of  the  house,  inclined  to  tinker,  an  electric 
soldering  iron,  using  from  loo  to  100  watts,  is  useful,  at  well  as 
a  small  glue  pot. 

All  of  the  above- meotioiud  articles  are  usually  supplied 
with  lamp  socket  plugs,  and  are  sold  rcAdy  to  connect.  There 
is  nothing  in  the  way  of  special  work  required  lo  put  them  Into 
service :  their  operation  is  quickly  understood,  and  nost  are  of 
such  low  price  as  lo  be  easy  to  introduce.  Such  articles  aie  the 
best  possible  advocates  for  the  more  exiend«it  use  a4  tlae  cWcUk. 
service  in  the  household,  and  will  do  much  to  make  a  satisfied 
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customef.  The  (act  that,  except  the  heating  pad,  none  of  the 
articles  is  M  work  (or  mure  than  (rom  ten  lo  thirty  minutes  at 
a  lime  makes  the  ageregatc  (or  the  month  but  a  small  addition 
to  the  total  bill,  yet  a  material  gain  to  the  station,  (or  it  is  added 
output  on  existing  service  wires,  and  the  articles  serve  a& 
missionaries. 

Every  residence  customer  on  your  lines  should  be  system- 
atically in(ormed  o(  the  advanuges  of  these  »rou1l  items,  their 
introduction  urged,  and  a  record  kepi  of  the  purchases.  The 
use  of  the  above  leads  to  a  demand  (or  electric-cooking  appli- 
ances for  the  kitchen,  and  irons  for  the  laundry. 

How  docs  the  cost  of  electric  cooking  compare  with  gas? 
Here  we  have  a  burning  question. 

II  electricity  and  gas  could  be  used  at  equal  efficiencies  for 
the  various  cooking  operations,  this  topic  would  have  been 
omitted,  but  fortunately  that  is  not  the  case,  Electric -cooking 
apparatus  easily  operates  at  an  average  efficiency  of  about  70 
percent, and  gas  ai  about  15  per  cent,  in  ordinary  practice  in 
domestic  kitchens.  I  am  aware  that  some  gas  operations 
ow  a  much  higher  value  and  others  less,  and  in  the  hands  of 
perts  better  average  results  may  be  obtained,  but  this  is 
equally  true  o(  electric  apparatus.  Jane  may  turn  on  the  oven 
of  cither  system  half  an  hour  in  advance  of  the  time  required. 
She  can  run  the  burners  under  the  kettles  wide  open  and  waste 
at  a  greater  rate  than  by  treating  ihe  electric  heaters  in  the 
same  manner,  for  they  have  a  fixed  maximum,  and  it  is  alt 
heat ;  but  whether  gas  or  electric  cooking  is  reasonable  in  cost 
depends  much  on  Jane.  I  trust  you  will  pardon  me  i(  I  say  gas 
varies  in  quality.  It  Is  credited  with  having  from  600  to  800 
heat  units  per  cubic  foot,  and  it  depends  on  the  pressure,  loca- 
tion, kind  and  condition  of  burners,  as  to  whether  complete 
combustion  occurs  to  develop  all  these  heat  units.  Assuming 
that  under  average  conditions  700  heat  units  are  available  for 
every  cubic  foot  of  gas,  wc  have  700,000  heat  units  for  a 
thousand  feet.  One  thousand  heat  units  equal  1909  kw-huur. 
Allowing  a  drop  of  one  per  cent  between  meter  and  heater  gives 
vs  .2938  kw-hour  for  1000  heat  units.  On  a  basis  of  15  per  cent 
average  efficiency  for  gas  ranges,  we  have  effective  105,000 
B.  T.  U.  in  each  1000  (eel  of  gas. 

Electric  heat  at  an  average  efficiency  of  70  per  cent  equals 
.4197  kw-hour  per  1000  effective  heat  unit),  and  for  105,000 
effective  heat  units  there  would  be  required  44.065  kw-hours  to 
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give  the  same  results,     To  compete  wiih  gas  a^equB^Stes 
electricity  will  have  to  be  sold 

at  J.67  cenu  per  k«-l)Dur  where  km  If  •■  ^.jo  per  tooo  feet 

•■  4.54     •'       •■         •■  MO 

•'   3-Jo     "       ■■  •■  ■ '     T.so 

•'   a8j r.as 

"  3.87 '  '■">»   ' 

The  above  is,  I  believe,  as  fair  a  comparison  as  can  be 
made  where  exact  comparisons  can  not  well  be  secured.  The 
results  above  quoted  have  been  checked  by  records  made  in  the 
same  family  alternately  using  gas  and  electricity  each  week  for 
considerable  periods  in  a  number  of  cases,  and  from  a  variety 
of  records  obtained  otherwise.  It  is  atisumed  that  suitable 
equipments  both  of  electric  and  gan  appliances  are  used. 

It  is  a  fair  statement  that  in  a  (amity  of  four  or  more,  with 
a  suitable  equipment  and  ordinary  care,  it  will  require  from 
one  to  one  and  a  half  kw-hours  per  day  per  person.  Taking  the 
higher  value,  this  at  three  cents  per  kw-hour  is  four  and  one- 
half  cents  per  day  or  $i,js  per  month  per  person,  and  for  a 
family  of  four  equals  18  cents  per  day  or  $5.40  per  month;  at 
five  cents  per  kw-hour.  it  is  seven  and  one-half  cents  per  day 
or  $1.15  per  month  per  person,  and  (or  four,  30  cents  per  day  or 
$9.00  per  month,  If  economy  is  practised  these  amounts,  at  the 
respective  rates,  can  be  reduced  about  one-third.  Our  recorded 
data  show  an  average  of  about  to  per  cent  less  than  the  highest 
value  quoted. ' 

As  far  back  as  1897  (Transactions  American  Institute  of 
Electrical  Engineers,  1897,  p.  4S4),  Professor  John  P.  Jackson,  at 
Philadelphia,  using  much  less  efHcient  apparatus  for  many 
operations  than  is  now  supplied,  recorded  carefully  all  current 
required  (or  alt  cooking  for  a  family  of  six,  and  the  average  was 
8^0  watts  per  day  per  person.  Professor  Jackson  kept  accoraie 
account  and  the  operator  undoubtedly  used  greater  care  than 
can  be  expected  in  general  practice,  but  his  apparatus  was  less 
effective  than  thai  which  is  available  to-day,  and  it  should  also 
be  mentioned  that  the  value  stated  includes  that  required  for  the 
hot  water  (or  washing  the  dishes,  it  is  a  (air  statement  that, 
where  care  and  intelligence  are  applied,  the  cost  for  a  family 
of  four  need  not  exceed  $4.00  per  month  at  a  three-cent  rale, 
or  $6.00  per  month  at  rate  of  five  cents  per  kw-hour. 

It  must  be  understood  that  the  above  costs  for  cooking  do 
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not  include  healing  water  for  Ihc  bath  or  laundry  purposes. 
If  they  did,  we  could  give  even  coal  a  close  race  at  summer 
rates  (or  currenc.  Indeed,  fur  cooking  most  meals,  electricity 
at  three  cents  per  kw-hour  it  close  to  and  sometimes  less  than 
the  cost  for  coal  if  no  other  use  is  made  of  the  lire,  but  here  we 
Gad  the  hol-water  supply  is  incidetitnlly  cared  for 

While  it  is  clear  that  low  rates  arc  necessary  to  popularize 
electric  cooking  generally,  it  is  a  wide  field  at  higher  cost  ihaa 
its  compeiiior.  gas,  and  for  the  same  reasons  thai  gas  has  had 
such  gcncrcjti»  recognition,  although  it  costs  more  than  coal. 

In  the  households  of  those  whose  work  is  nil  in  the  hands 
of  servants,  the  advantages  of  electric  cooking  will  not  appeal, 
because  economy  is  not  the  rule.  Existing  methods  give  satis- 
factory results,  and  the  details  of  method  arc  of  no  interest. 
In  houses  where  the  work  is  in  the  hands  of  ignorant  "help," 
there  is  not  a  good  field  lo<day,  but  in  the  home  where  the 
mistress  is  the  cook,  entirely,  or  in  pan.  and  in  small  homes  in 
our  suburban  towns  and  in  the  smaller  cities,  the  field  is  wide. 

The  apartment-house  kitchen,  supplied  with  hot  water  from 
a  central  source,  affords  a  fine  opportunity  for  electric  cooking. 
The  freedom  from  heal,  offensive  products  of  combustion,  and 
leaky  valves;  the  Inevitable  soot,  dirt,  and  chance  explosions 
incident  to  gas,  and  the  absence  of  all  cooking  devices  between 
periods  of  use  owing  to  the  portability  of  electric  heaters,  are 
tangible  advantages.  In  addition  to  the  more  perfect  results 
obtained  when  you  can  cook  by  the  clock,  noi  by  guess. 

In  thousands  of  homes,  gas  is  used  as  an  auxiliary  to  the 
coal  range,  for  some  of  the  lighter  meals  at  all  seasons  and  for 
much  of  the  general  cooking  in  summer,  when  the  range  is  not 
required  to  be  put  in  commission  for  other  purposes.  For  all 
such  purposes,  electric  cooking  is  not  only  possible,  but  more 
attractive  and  satisfactory,  all  things  considered,  than  any  other 
method. 

While  it  may  require  slightly  more  instruction  at  first  to 
gel  the  best  results  with  electric  apparatus  because  of  greater 
general  familiarity  with  the  use  of  gas  for  such  work,  yet  after 
a  brief  acquaintance  the  certain  results  that  follow  in  a  given 
time  with  the  current  on,  or  with  a  given  position  of  the  rcgu- 
l.iting  switch,  become  known,  and  the  clock  i»  depended  on. 
There  is  no  more  frequent  opening  of  the  oven,  or  lifting  the 
lid ;  and  we  all  know  it  is  well  "to  keep  the  lid  on"  for  best 
resutis. 
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That  lhi»  is  the  ideal  method  is  appaTeni  from  a  very  briet 
investigation.  Simply  to  turn  a  switch,  and  have,  without  flame 
or  any  visible  effect,  the  broiler,  siovc,  griddle,  waffle-iron,  or 
oven,  change  its  icmpcralurc  from  that  of  a  room  to  a  point 
necessary  for  perfect  cooking  in  from  iwo  to  live  minutes,  savors 
of  magic. 

A  variety  of  cooking  devices,  each  perfectly  adapted  lo  Its 
woric,  entirely  independent  of  one  another,  separately  controltcd, 
having  fixed  temperature  limits  so  that  successive  operations 
may  be  performed  under  exactly  the  tame  conditions,  all  oper- 
ating with  no  measurable  eSect  on  the  room  temperature,  consti- 
tute in  brief  the  electrical  method.  When  it  is  realised  that  ibe 
principal  reason  for  the  failure  of  the  cook  to  reproduce  her 
best  results  is  because  the  heat  »upply  fluctuates  between  such 
wide  limits,  due  to  improper  care,  we  can  see  what  opposition 
we  shall  meet  from  the  doctors  when  they  realize  that  this 
personal  equation  is  being  eliminated  from  cooking  operations. 
Exact  methods  arc  the  only  ones  that  will  yield  uniform  results. 
Imagine  your  central-station  service  with  the  boilers  controlled 
in  the  manner  of  the  average  kitchen  range. 

In  arranging  electric-cooking  apparatus,  we  have  departed 
from  the  conventional  form  of  fuel  »tove  or  gas  ranges,  because 
electric  heat  permits  of  more  convenient  arrangement,  and  an 
electrical  outfit  can  be  extended  to  meet  increasing  demands 
without  affecting  the  usefulness  or  efficiency  of  the  original 
eqiiipmeni.  A  panel-board  on  the  wall  with  a  number  u(  plug 
switch  receptacles  and  an  ordinary  kitchen  table  constitute  all 
of  the  necessary  fixture* ;  the  healing  devices  consisting  of 
ovens,  disc-heaters  or  stoves.  Broilers,  griddles,  or  the  two  in 
combination,  waffle-irons  and  water  heaters,  all  of  which  ace 
light  and  portable,  permit  the  selection  of  a  more  or  less 
elaborate  outfit  for  a  family  of  four,  which  on  occasion  may 
be  expanded  to  meet  the  requirements  of  ten  times  that  number 
without  changing  the  etHective  value  of  the  first  selection.  One 
can  start  with  one  or  two  articles  and  gradually  add  to  the 
equipment  as  may  be  desired. 

All  cooking  utensils  for  lite  kitchen  arc  preferably  made 
without  heaters,  so  that  a  variety  for  different  operations  may 
be  used  oii  a  single  heater  More  utensils  than  heaters  are 
always  necessary  for  general  cooking,  and  vessels  without 
healers  are  much  lighter,  more  convenient,  more  easily  cleaned, 
and  of  course  cheaper.     In  all  cases,  utensils  made  specially  for 
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electric  stoves  should  be  used  with  ihcm,  as  they  arc  designed 
to  fit  and  temporarily  become  a  pan  of  it  while  in  position. 
Dissatisfaction  witi)  disc-lieaters  is  the  result  of  operating 
them  with  improper  vessels. 

Besides  the  above,  there  is  a  demand  in  residences  for 
electric  plate-w»rmcr$,  electric  water  heaters  (or  bath-rooms, 
laundry  irons,  and  electric  radiators. 

Electric  plate-warmers  are  usually  placed  in  the  pantry,  and 
supply  a  want  but  imperfectly  met  heretofore.  They  are  not 
expensive  to  operate  for  thuse  who  demand  them,  and  they 
should  be  suggested  when  arrangements  are  made  for  installing 
wires.  The  large  heat  capacity  of  water  mnkex  hejiling  it  by 
electric  heat  in  quantity  expensive,  yet  for  baih>rooms  It  is 
becoming  more  and  more  in  demand.  I'ive  gallons  of  water 
heated  to  190  degrees,  when  added  to  10  gallons  of  water  at 
bydrant  temperature  in  a  small  bath-tub,  will  provide  one  with 
a  warm  bath,  while  eight  gallons  at  190  degrees,  added  to  15 
gallons  at  the  hydrant  tempecuture.  would  be  more  desirable. 
The  former  would  require  1750  watt-hours,  which  at  Hve  cents  per 
kw-hour  is  S.75  cents,  and  the  latter  iSoo  watt-houn.  costing,  at 
the  same  rate,  14  cents.  This  cost  is  not  excessive,  but  it  means 
heaters  of  1750  and  jSoo  watts  capacity,  respectively,  which 
must  be  turned  on  an  hour  before  the  water  is  needed.  If  the 
work  is  to  be  done  more  quickly,  then  correspondingly  larger 
heaters  and  service  wires  are  necessary.  We  frequently  supply 
pressure  boilers  connected  to  the  water  mains  containing 
heaters  of  smaller  cai>acity,  which  are  arranged  with  subdivi- 
sions of  heat,  which  may  be  kept  on  continuously  at  low  heat, 
and  at  low  rates  they  arc  not  prohibiiive. 

Small  healers  for  wash-stands,  which  may  be  connected  to 
the  Supply  pipe,  are  being  developed,  but  for  such  use  a  small 
cup  that  will  quickly  heat  to  the  boiling  point  a  pint  of  water 
(requiring  for  this  about  850  watts  for  three  minutes)  is  useful, 
Bnd  current  is  not  so  likely  to  be  wasted.  The  cost  for  heating 
water  to  different  temperatures  at  different  rates  is  here  given, 
which  best  tells  what  is  required  in  current  supply  for  a  given 
result  in  quantity,  temperature,  and  time  as  well. 
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The  equipmenl  of  domesiic  laundries  will  be  found  a  profit- 
able field,  The  family  requiring  but  one  iron  will  need  a  size 
using  about  500  watts,  and  it  will  be  in  demand  from  live  to  ten 
houn  per  week,  according  to  the  size  of  the  fwmily.  This 
mCiint  from  1500  lo  5000  wall-hours  per  week.  In  many 
familics,  the  larger  portion  of  this  work  is  sent  out,  leaving  even 
less  to  be  done  at  home,  and  of  course  less  weckl]r  use  of  the 
iron. 

The  advantages  of  the  electric  iron  are  conspicuous.  The 
temperature  of  the  room  is  normal,  and  that  of  the  iron  uniform; 
it  requires  no  cleaning,  no  time  wasted  going  to  and  from  the 
stove,  und  every  rub  counts.  In  the  house  of  the  man  of 
moderate  means,  as  with  electric  cooking,  it  ik  most  used  in  hot 
weather,  but  if  encouraged  by  low  rates,  it  becomes  a  habit,  In 
the  homes  where  one  or  more  ser^'ants  are  regularly  employed 
in  the  laundry,  much  attention  is  paid  to  its  sanitary  condition, 
and  there  electric  irons  are  rapidly  becoming  essentials. 

Radiators  are  in  demand,  and  are  used  to  advantage,  but  It 
is  not  possible  to  do  usual  office  or  bouse  heating  unless  current 
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may  be  obtained!  at  exceptionally  low  rates  An  application 
thai  is  reason;)ble  is  the  ute  of  one  in  a  balh-room  for  Inking  ofl 
the  chill  during  the  morning  bath.  For  such  work  a  radiator 
of  less  than  1500  watts  capacity  is  not  to  be  recommended,  and 
one  of  aooo  watts  is  better.  The  latter  operating  from  fifteen  to 
twenty  minutes  will  usually  answer  requirements,  making  a 
total  consumption  of  from  500  to  800  watt-hours.  There  are 
other  special  conditions  where  they  are  sometimes  used  to 
advantage.  Being  easily  portable,  they  are  valuable  aboiii  the 
house  for  occasiunal  use  for  short  periods. 

For  electric  cooking  and  electric  laundry  work  in  the  liome^ 
it  is  clear  that  special  rates,  lower  than  can  be  made  for 
lighting,  arc  essential  to  success.  Tbc  load  being  principally  a 
summer  day  toad  makes  special  low  rates  possible,  and  the 
business  desirable. 

One  method  thai  has  been  practised  Is  to  install  a  separate 
meter,  making  no  restrictions  as  to  the  amount  to  be  used, 
thereby  offering  ull  possible  encouragement  to  the  customer. 
Another  plan  is  to  use  two-rate  meters.  Rates  on  either  plan. 
In  most  communities,  may  be  made  with  profit  as  low  as  five, 
and  in  many  cases  as  low  as  three,  cents  per  kw-hour  for  day 
service. 

Electric  laundry  and  tailors'  irons  have  had  the  widest  use 
of  any  single  line  of  electrically- heated  devices,  and  to-day  offer 
the  broadest  single  field  for  development.  Being  best  known, 
perhaps,  of  all  electric-heating  devices,  it  is  perhaps  worth  while 
to  examine  them  in  detail,  in  relation  to  the  requirements  and 
how  well  the  demands  are  met. 

The  home  needs  and  how  they  are  met  have  received  atten- 
tion. Hotel  and  commercial  laundries  demand  irons  for  con- 
stant and  rapid  work  In  the  majority  of  cases  these  are  heafed 
over  gas  burners.  The  rooms  are  usually  small,  and  when  the 
gas  stoves  have  done  their  best  it  is  a  place  to  avoid  ;  yet  here 
we  send  our  linen  to  be  cleaned.  Though  this  is  generally 
true,  the  improvement  in  the  financial  condition  of  laundry 
owners  in  the  past  few  years  is  such  that  they  are  seeking  belter 
methods,  and  are  in  many  cases  looking  10  you  for  help  in 
improving  the  efHciency  and  sanitary  condition  of  their  estab- 
lishments. The  ^ame  is  true  of  muny  clothing  and  similar 
factories 

The  electric  iron  while  working  is  passed  rapidly  over 
dBinp  and    frequently    wet    fabrics    with   pressure  constantly 
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applied.  Tliis  treatment  demands  a  rapid  supply  of  heat  for 
the  work,  and  for  the  constant  loss  by  radiation,  which,  though 
not  ii  large  element  at  the  normal  working  temperature,  still  is 
a  constant  loss.  Irons  are  made  with  a  given  generator  capacity 
for  the  diRcrent  classes  of  work,  and  if  they  are  continuously 
GRiptoyed  in  the  regular  manner  their  lemperalure  is  fairly 
uniform  and  results  arc  saiisfaciory.  When  for  any  reasons 
the  irons  are  left  with  the  current  on  idle  for  even  live  minutes, 
their  temperature  rises  to  about  double  the  normal  working 
value,  and  according  to  their  construction  the  generator  or 
winding  within  ihe  iron  goes  much  higher  ;  in  fifteen  or  twenty 
minutes  the  temperature  is  .still  higher,  which  submits  the 
heater  to  strains  thHt  rinally  become  destructive.  It  is  because 
of  this  treatment  that,  until  improvements  were  made  to  enable 
them  to  better  withstand  this  ircatmcni,  the  product  was 
unreliable. 

To-day  it  is  still  difficult  to  construct  irons  for  rapid  work 
that  will  give  good  service  without  some  arrangement  to  pre- 
vent the  overheating  when  idle.  One  device  that  accomplishes 
this  operates  auiomatically  to  reduce  the  current  supply  when- 
ever the  iron  is  placed  on  its  stand,  and  this  incidentally  effects 
a  saving  of  35  per  cent  or  more  during  such  periods.  One  other 
fault  incident  to  overheating,  not  confined  10  electric  irons,  is 
their  liability  to  burn  the  garment  on  which  they  are  first  placed 
when  in  iliis  condition.  Complaint  Is  sometimes  made  about 
the  breaking  of  flexible  conductors,  and  this  is  always  a  serious 
fault  in  improper  installations.  Cords  should  be  no  longer 
than  necessary  to  permit  the  free  use  of  the  iron.  If  they  are 
connected  to  the  circuit  by  a  plug  switch,  placed  10  inches 
above  the  table  on  the  wall  back  of  the  bench  and  suspended 
by  an  elastic  cord  and  string  fritm  the  ceiling  so  there  is  not 
more  than  two  inches  of  slack  between  the  point  of  support  and 
the  iron  when  placed  in  the  centre  of  the  bench,  there  will  be 
no  complaint  of  the  cords. 

All  irons  should  be  provided  with  a  suitable  ventilated 
stand  and  with  no  other  kind. 

The  advantages  of  the  irons  are  conspicuous :  they  are 
always  clean  :  heat  in  from  four  to  five  minutes ;  will  operate 
continuously  and  may  be  kept  at  practically  uniform  tempera- 
ture under  all  conditions  of  service,  and  when  controlled  have 
long  life  and,  in  the  best  products,  in  common  with  other  types 
of  electric  heaters,  do  not  change  their  resistance  with  con- 
tinued service. 
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The  cost  for  operation  per  hour  varies  with  the  size.  For 
the  all-around  use  for  domestic  requirements  without  a  rcjju- 
lator,  the  most  efficient  use  from  joo  to  550  watts.  The 
regulators  effect  a  saving  in  such  service  of  from  15  to  30  per 
cent. 

In  laundry  work  in  hotels,  and  commercial  laundries,  the 
irons  vary  in  size,  and  their  consumption  is  from  350  to  600 
watts  per  iron,  and  the  regulators  effect  fully  ao  per  cent  saving. 

In  clothing  and  similar  manufaciurinK  establish menis.  the 
tailors'  irons  are  Inrger  and  require  from  600  to  1000  tvatts  per 
iron,  and  the  average  is  perhjips  750  watts.  Except  where 
electric  irons  arc  used,  gas  irons  with  burners  within  them,  con- 
nected to  the  supply  with  robber  tubing,  are  almost  invariably 
used.  They  have  no  end  of  trouble  with  leaky  tubes,  which 
frequently  burn  ofT,  break  or  slip  oR  the  connection  ;  combus- 
tion is  more  or  less  imperfect,  and  they  are  dirty.  All  of  this 
makes  a  bad  sanitary  condition  and  a  consiant  source  of 
trouble. 

While  many  use  electric  irons  the  change  has  barely  begun, 
and  the  reason  is  largely  due  to  ihe  failure  to  secure  attractive 
rates  :  from  three  to  five  cents  per  kw-hour  is  what  is  necessary 
to  handle  this  class  of  work,  which  in  many  cases  should 
demand  and  secure  such  rates,  for  these  customers  are 
(especially  the  garment  factories)  entitled  to  your  best 
consideration,  • 

It  is  pleaiuint  and  Interesting  to  stale  that  I  know  of  not  a 
single  establishment  that  ever  adopted  electric  irons  that 
changed  to  other  kinds,  and  I  know  of  several  considerable 
Installations  that  have  continued  their  use  for  more  than  twelve 
years.  With  this  showing,  and  the  present  improved  product, 
(here  is  no  reason  why  this  branch  of  electric  heating  should 
not  develop  important  additions  to  your  output. 

In  commercial  laundries,  the  heating  of  ironing  rolls  has 
been  done  electrically,  and  in  book-binderies  the  electric  heating 
of  presses  and  other  machinery  has  been  carried  out  to  a  con- 
siderable extenL 

Some  electric  cooking  can  be  developed  in  the  use  of  stoves 
for  the  noon-day  meal  for  clerks,  and  when  no  cooking  is  desired, 
a  heater  or  two  for  warming  the  lunches  and  hot-water  heaters 
for  making  tea  can  frequently  be  placed. 

Book-binder^s,  pattern  shops,  furniture  stores,  and  many 
other  establishments,  find   glue  heating  expensive,  dirty  and 
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dangerous  with  gas.  Electric  glue  pots  operate  cheaper,  and 
are  entirely  free  from  all  the  objectionable  features  of  the 
others.  There  are  dozens  of  establishments  equipped  with 
twenty  or  more  each,  iind  m.-iiiy  hundreds  in  use  in  smaller 
groups. 

Electric  sealing-wax  healers  are  used  by  jewelers,  banks, 
express  companies,  and  others. 

Soldering  irons  have  a  considerable  field  in  small  shops 
and  some  classes  of  manufaciuiing.  These  articles  have  had 
limited  durability,  owing  to  the  necessary  high  temperature 
when  working  effectively.  Because  of  their  form  ihey  are  easily 
constructed,  but  not  to  stand  the  severe  duty.  Later  improve- 
ments in  construction  and  the  use  of  an  automatic  temperature 
regulator  have  made  them  a  very  satisfactory  product.  Special 
rates  arc  noi  necessary  except  for  considerable  installations,  as 
the  cost  of  operation  is  usually  lower  than  for  gas  irons. 

Hot-water  urns  for  barber  shops  and  bars,  as  well  as  for 
lunch-rooms,  can  be  insialled  Doctors'  offices  and  hospitals 
require  sterilizers  for  instruments. 

Manufacturing  establishments  have  many  applications  of 
heat  to  machines  where  electric  neat  is  frequently  applied  at  a 
saving  in  cost.  With  alt  applications  ii  is  important  thai  a 
responsible  representative  gain  full  knowledge  of  the  apparatus. 
Its  workings,  the  proper  methods  of  Installation  ;  then  see  that 
the  customer  is  clearly  instructed  in  all  esuentiats  for  its  proper 
care,  operation  and  maintenance.  Too  much  is  taken  for 
granted  as  to  the  customer's  understanding  in  this  respect, 
which  frequently  develops  unconscious  abuse,  resulting  in 
annoyance,  interruption  of  service,  and  frequently  avoidable 
expense. 

As  to  the  durability  of  apparatus,  it  can  be  asserted  that 
the  general  product  of  experienced  manufacturers  will  give 
quite  satisfactory  results  if  the  above  remarks  as  to  acquainting 
customers  with  whai  is  necessary  for  fair  treatment  arc  heeded. 

Perhaps  a  statement  of  performance  will  give  a  better 
answer  regarding  durability  than  could  be  given  in  any  other 
manner,  tn  the  winter  of  1 901-3.  about  a  year  and  a  half  ago,  the 
Natural  Food  Company,  ol  Niagara  Falls,  New  Vork,  began  the 
manufacture  of  a  new  product  Ihey  call  "Triscuit."  it  being  a 
cracker  of  shredded  wheat  baked  or  toasted  by  having  heat 
applied  to  both  sides  at  the  same  time.  The  operation  consists 
of  passing  the  product  through  a  machine  between  two  endless 


»S3 

link  belts  inclosed  except  »t  one  eml.  The  links  of  the  belts 
are  electric  stoves,  and  are  so  arranged  ihal  (he  Iriscult  is  fed  in 
and  held  pressed  between  the  faces  of  two  stoves  throughout 
the  complete  circuit  of  the  machine.  The  operation  is  con- 
tinuous. Each  machine' has  about  1500  stoves  and  has  a  pro- 
duct of  17,500  triscuits  an  hour.  They  are  operating  about 
10,000  of  ihe»e  stoves  and  their  failures  up  to  date  h;ive  been 
less  than  one  per  cent  from  all  cituscs. 

This  is  the  largest  development  of  electric  cooking  in  the 
world,  and  is  successful  in  every  way ;  the  cost  for  baking, 
including  labor,  being  less  for  the  same  amount  of  product  of 
triscuits  than  for  shredded  wheat  biscuit  using  coal.  When  ihc 
plan  was  presented,  1  agreed  that  we  could  build  successful 
heaters,  and  ihiti  the  cost  at  operattnn  would  be  reasonable. 
Results  show  that  if  power  were  derived  from  steam  the  state- 
ment would  still  hold  good.  There  it  no  practical  way  of 
baking  by  applying  heal  uniformly  on  both  sides  at  once  under 
pressure  except  by  electricity,  and  the  method  has  advantages. 

In  conclusion.  I  want  to  refer  to  some  of  my  previous  state- 
ments. In  the  comparisons  I  have  made,  I  have  not  tried  to 
make  the  best  nor  the  worst  possible  case,  but  t  have  staled 
results  developed  in  practice  which  a  considerable  experience 
leads  me  to  believe  iire  results  you  will  derive.  In  giving  yuu 
a  basis  of  costs,  t  am  confideni  your  experience  will  show  they 
are  fairly  stated. 

I  want  to  say  that  you  must  not  consider  doing  house-heating 
from  steam -gen  era  ted  electricity,  yet  you  do  not  want  to  con- 
sider electric  radiators  impusntble  Remember  that  you  will 
frequently  have  problems  presented  that  ul  tirsi  appear  impos- 
sible, that  will  often  be  most  feasible;  that  with  installations 
your  duty  is  not  done,  until  your  customer's  new  departure  is  in 
good  running  order,  ajid you  titew  it. 

Gain  personal  knowledge  of  electric  cooking  from  an 
installation  in  your  own  home,  and  accept  the  manufacturer's 
advice  in  the  selection  of  the  outfit.  Do  (his  also  with  other 
articles  of  domestic  use  as  far  us  you  can. 

I  have  shown  you  that  for  cooking,  especially  low  rates 
must  be  made.  That  most  of  you  can  make  these  rates  is  a 
reasonable  claim.  The  load  is  an  added  day  load  and  largely  a 
summer  load.  It  is  added  in  most  cases  to  idle  transformers, 
to  idle  lines,  and  to  running  irachinery,  which  in  most 
cases  is  likely  to  be  operating  at  low  eflUclency.     For   a  con- 
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»tdcrable  addittonsl  load,  it  means  in  many  staiions  an  addition 
for  cost  of  coal  only,  and  in  many  instances  it  will  b*  l«s  for 
this  addition  than  your  present  cost  per  kilowatt  for  this  item. 

Until  electric  competition  developed,  gas  companies  made 
no  progress  with  heating.  They  muintained  high  rates  and 
limited  oiilpviis,  never  rcali;:tng  the  splendid  chance  (or  henefit' 
tag  themselves  and  (he  public  until  they  were  literally  kicked 
into  It.  The  stimulus  to  enterprise  is  adrersity,  if  you  do  not 
get  too  much  of  it.  Central  stations  of  this  country  have  in 
most  cases  experienced  years  of  struggle  to  reach  the  satis- 
factory results  finally  obtained.  With  this  splendid  record  that 
you  have  made,  und  the  substantial  results  already  achieved  in 
the  new  Tield,  consisting  of  upwardw  of  a  thousand  complete  elec- 
trii;  kitchens,  more  than  50,000  smoothing  irons,  and  the  many 
thousand  other  items  which  I  can  vouch  for  arc  in  practical 
operation,  it  needs  no  prophet  to  say  you  will  accept  the  oppor- 
tunity and  get  the  business. 


DISCUSSION 

Mr.  F,  G.  Proutt  (Memphis) :  Assuming  that  we  were  to 
carry  out  the  ^uggexiions  of  Mr.  Aycr,  what  number  of  dollars 
per  kilowatt  of  installation  might  be  expected  in  the  way  of 
revenue  per  year? 

Mk.  Av£k  :  That  is  a  leading  question,  difRcult  to  answer. 
You  have  an  undeveloped  field.  It  is  difficult  to  settle  what 
you  can  do  in  the  way  of  expanding  business;  it  is  like  asking 
what  you  can  get  in  dollars  and  cents  by  a  new  departure  in 
your  lighting  dcpiirimem.  That  you  can  add  materially  to 
your  output  there  is  no  doubt.  Electric  heating  is  an  attractive 
thing  to  customers  if  it  can  be  made  economical. 

As  to  the  question  of  methods,  you  can  add  materially  to 
your  output  if  you  adopt  the  method  advocated  for  arc  tamps^ 
install  kitchens  free.  There  are  a  number  of  ways  in  which 
you  can  get  results  if  you  apply  literally  the  methods  applied 
to  arc  lamps.  This  system  is  carried  out  by  the  gas  companies 
with  great  success.  Something  like  $100,000  was  invested  in 
gas  stoves  in  and  around  Boston  in  one  year,  which  were 
practically  given  away. 

A  kitchen  outfit  (or  the  average  family  of  from  four  10 
eight  person*  would  require  a  transformer  capacity  of  about  50 
amperes,  or  three  kilowatts.  The  average  demand  would  be 
about  to  amperes,  or  two  kilowatts,  at  the  dinner-cooking  honr. 
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!ir  about  two-thirds  of  the  maximum,  For  other  meals  it 
would  require  something  less. 

Mk.  N.  T.  Wilcox  (Lowell,  Mass.) :  If  it  is  used  all  the 
year  round,  which  I  understand  you  recommend,  how  will  it 
aSect  the  peak  of  our  load  ' 

Mr.  Avf'R  :  I  Ihink  ihc  question  can  be  fairly  answered  by 
quoting  the  experience  of  the  gas  companies.  Except  in  the 
case  of  apartment-houses  equipped  with  nothinfr  but  gas 
stoves,  there  is  practically  no  winter  load.  For  apartment- 
house  worlc  a  two-rate  meter  would  take  care  of  the  peak  by 
paying  you  for  the  service  at  the  lighting  rates ;  but  tn  my 
opinion  thit  peak  load  mny  well  he  ignored  in  con^tidering  the 
introduction  of  electric  cooking.  This  is  a  problem  that  will 
have  to  do  with  the  extent  of  the  development  of  the  service. 
It  would  seem  quite  reasonable  that  in  most  cases  it  would  not 
add  much,  if  any,  to  the  peak  load,  I  doubt  if  you  would 
refuse  a  low  rate  to  a  customer  who  is  going  to  use  electric 
cooking  the  year  round,  who  would  add  to  his  present  lighting 
bill  four  or  live  dollars  per  month  (or  cooking  where  at  lea^t  90 
per  cent  is  used  in  the  daytime,  Of  course  this  is  a  question 
for  each  company  to  determine.  Most  of  the  load  for  cooking 
is  off  by  six  o'clock,  as  the  demand  for  current  for  cooking 
ceases  some  little  time  before  the  meal  is  to  be  served,  and  it  is 
fair  to  say  that  six  o'clock,  or  perhaps  half>past  five  o'clock  in 
many  of  the  kitchens,  would  see  the  bulk  of  the  load  for  cook- 
ing going  off. 

Mr.  Wii.cox  :  I  would  ask  if  Mr.  Aycr  has  any  information 
in  regard  to  the  household  applications,  such  as  cooking,  where 
a  complete  outfit  is  put  in,  as  to  tne  demand,  for  instance,  on  a 
transformer,  and  the  load  factor  based  ou  that  demand  and  its 
effect  on  the  peak  load  ? 

Mr,  Dow:  I  have  been  fooling  the  bill  for  an  electric 
kitchen.  I  have  arrived  at  several  conclusions,  which  I  will  now 
pass  out  to  you  :  but  if  anyone  wants  to  gel  me  into  a  corner 
and  argue  the  matter  i  want  him  co  give  me  notice,  so  that  I 
can  bring  Mrs.  Dow  to  help  roe  out.  She  is  responsible,  rather 
than  myself. 

We  have  four  or  live  kitchens  on  our  lines  where  electricity 
is  exclusively  used,  but  only  one  of  them  is  under  my  personal 
observation.  My  conclusions  are  as  follows :  The  cooking 
peak  load  is  in  advance  of  the  usual  maximum  lighting  peak 
in   the  residence   district.     That   means,  in   our  town,   that   it 


•56 

coincides  with  the  down-town  peak.  It  will  require  no  addi- 
tional substation  machinery,  but  it  will  add  to  the  main  station 
peak  fof  ilie  winter  months  only.  The  next  conclusion  is  that 
the  cooking  load  is  about  two  hours  per  day  through  the  year; 
say  700  hours  of  the  demand  of  the  district — not  the  demand  of 
the  individual  customer,  but  the  demand  of  the  district.  The 
next  conclusion  is  that  it  doe^  not  do  to  sell  cooking  discs,  and 
so  forth,  unless  you  look  after  the  kettles.  Vou  can  waste  about 
half  the  current  by  having  the  wronf;  kind  of  vessels  to  put  on 
the  discs.  An  absolutely  clean,  smooth  vessel  is  better  than  the 
ordinary  cooking  utensil ;  and  the  best  is  the  type  of  vessel  that 
clamps  solidly  on  the  disc.  The  next  conclusion  is  that  cords 
are  a  nuisance  and  are  constantly  causing  trouble.  They  get 
greasy  and 'grease  the  food  and  the  apparatus,  and  should  b« 
cut  off  at  short  as  possible.  While  we  are  waiting  for  some 
method  of  wireless  connection  for  cooking  utensils,  I  have 
acliipted  the  plan  of  passing  the  cord  down  through  a  hole  in 
the  table  and  letting  it  loop  underneath,  as  do  the  cords  ol  a 
telephone  switchboard.  This  works  nicely  and  gets  the  cord 
out  of  the  way. 

The  next  conclusion  is  (hat  the  different  devices  furnished 
for  varying  the  heats  are  bad  things  in  the  hands  of  the 
ordinary  kitchen  mechanic.  They  are  mismanaged  and  broken. 
I  believe  that  two  heats,  in  practice,  are  sufiicicni :  one  quick 
heat  and  one  simm<:ring  heat.  These  can  be  obtained  by  a 
double-throw  switch,  which  when  open  cuts  the  heat  off 
altogether.  In  my  opinion  the  best  method  of  wiring  is  the 
double-throw  switch  on  the  wall,  with  the  cord  running  down 
behind  and  up  through  the  table,  and  with  only  two  heats 
available. 

My  last  conclusion  is  gathered  from  the  experience  of  tny 
neighbors  and  myself  with  a  number  of  different  makes  of 
apparatus  and  utensils  for  electric  cooking.  It  is  that  the  worst 
fault  lo  be  found  with  electric  cooking  to-day  is  the  repair  bill. 
The  load  is  a  desirable  one.  I  think.  The  rate  might  be  cut 
down  to  a  point  where  there  would  be  considerable  business, 
particularly  in  apartment- ho  uses  and  with  the  numerous  house- 
holds where  the  wife  doe»  her  own  work  :  but  the  repair  bill  is 
very  serious.  1  want  to  say  that  this  statement  is  not  based  on 
experience  with  any  one  class  of  apparatus,  but  with  a  number 
of  makes  of  apparatus ;  and  there  seems  to  be  a  lot  of  difference, 
not  merely  between  makers,  but  between  different  productions 
of  the  same  maker. 
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Mh.  AxTHi'R  Williams:    I  think   this  paper  is  timely  and 
import.int  and  that  our  member*  should  preserve  it  carefullj:  for 
future  reference.     Our  company  in   New   Vork  has  constantly 
received  applications   for  just   such   data   as   these  from  con- 
tractors, engineers  and  others  who  wish  to  he  informed  upon 
electric   heating  and   cooking.     We    recently   issued   an    illus- 
trated circular  on  ih)»  subject,  the   Ar&t  edition  of  which  was 
jD,ooo  copies  ;  this  edition   was  quickly  exhausted  and  several 
others  have  followed — since  likewise  exhausted — showing   the 
very  general  interest  upon  the  subject.     The  circular  illustrated 
a  variety  of   utensils  and   devices,  giving  the   range  of  ihcir 
cost  and  the   approximate  cost   of    operation   for   periods   of 
fifteen  minutes — about   as   long   as    their   average  use  at   any 
one  lime  for  a  given   purpose.     It   will   be  admitted,  I  think, 
that    electric- coo  king    apparatus    will     never     return    such    s 
revenue  as  is  obtained  from  other  classes  of  installation,  ltk« 
lighting  and  power,  as,  naturally,  the  daily  periods  of  use  can 
at  most  be  short ;  but.  apart  from   cooking  dinner  in  the  late 
afternoon    in    the   wtnwr    months,    whatever    revenue    comes 
from   this  source   is   eoiircly  additional   to  all   other  revenue 
per  kilowatt  of   installation.     This   fact   in   itself  should    en- 
courage the  companies  to  push   forward    the  installation  and 
use   of   electric  heating   and  cooking  apparatus,  and,  in  addi- 
tion, it  oficrs  the  companies'  customers   much  in  the  way  of 
convenience  as  well  as  necessity  if   the  use  of  electric  current 
is  made  more  popular.     Any  cooking  apparatus  used   in  the 
months  of  June.  July,   August  and   September  can    not  come 
OB  the  peak  of  the  general  system   or  of  the  converters,  and  it 
has    occurred    to    me    that    any    residence    lighting   in   these 
months  is  of  so  very  little  importance  that  it  may  be  a  good 
plan  to  adopt  the  meihud  of  charging  half  the  normal  rates 
for  all    current    used    during  these    mimlhs.     A    new    schedule 
has  recently  been   adopted  in  London   under  which  all   "hid- 
den"   lighting — that  is  to  say.   the  lighting  below  the  street 
level — is  charged   for  at  exactly  half  the  normal  rates  at   all 
seasons    of    the    year.      If    the    usual    rate    is    i>    cents    per 
kw.hour,  the   rate   for  the   installation   below  the  street  level 
is  six  cents.     It  is  said  that  this  schedule  has' been  very  suc- 
cessful in  compeCiiig  with  gas  and  other  forms  of  illumination. 
One   advantage   of   such   a  change   would    be    that  no   extra 
metering,   wiring    or    converters    would    be  required,   and   In 
addition   to  encouraging    cooking     by   electricity   during    the 
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maimer  nionih»,  household  users  might  be  more  inclined  lo 
Install  fans,  and  thus  add  maierially  lo  the  summer  load  on 
the  system. 

The  question  of  rates,  so  far  as  cooking  is  concerned, 
seems  of  little  importance.  Any  rate  used  for  incandescent 
lighting  would  seem  to  be  low  enough  to  encourage  this 
branch  of  the  service.  I  recall  several  instances  where  small 
stoves,  French  coRee  pois,  heating-pads  (than  which  there 
is  no  greater  convenience  in  the  household  as  a  substitute  for 
the  hot-waier  bottle),  current  for  heating  dishes,  small  irons, 
and  so  forth,  have  been  used  without  any  apparent  increase 
in  the  bill.  If  the  members  will  take  the  trouble  to  figure 
out  the  quarier-bour  cost,  they  will  see  that  it  is  so  low  as 
to  justify  its  being  generally  advertised  by  the  companies. 
Gre<it  care  should  be  taken  that  when  these  heaters  are  not 
in  use  they  should  be  disconnected.  A  recent  instaoce 
occurred  in  which  a  customer,  having  such  a  heater  in  hit 
bath-room,  left  it  connected  when  his  service  was  cut  ofl  for 
the  summer :  it  was  still  connected  when  the  current  was 
turned  on  in  the  fall  and  continued  so  until  the  first  bill  was 
rendered.  Naturally  the  bill  was  unexpectedly  high  and 
caused  great  disappointment  nnd  not  a  little  suspicion'untii 
the  cause  was  discovered  ^nd  removed.  Some  trouble  has 
also  been  experienced  through  the  absence  of  indicating  devices 
showing  the  connection  of  the  apparatus  when  the  current  is 
turned  un.  Servants  are  universally  careless  in  such  matters. 
-  In  one  recent  instance  the  butler,  rather  than  have  the  blue 
or  red  light  burning,  turned  it  out  of  the  socket,  so  that  there 
was  no  indication  of  the  use  of  a  plate-warmer.  It  imme- 
diately became  the  cause  of  serious  disturbance  in  the  com* 
pany's  relations  with  that  customer. 

We  have  a  Urge  hat  factory  connected  with  our  mains 
in  New  York  where  electric  irons  arc  now  used  in  place  of 
the  gas  irons  formerly  employed.  The  price  of  eight  or  aine 
cents  per  kw-hour  is  competitive  with  the  cost  of  gas  at 
$1.00  per  thousand  feet.  The  monthly  bills  for  the  electric 
service  correspond  closely  with  the  previous  bills  for  gai. 
Tbe  advantages  over  the  former  methods,  aa  given  by  the 
proprietor  of  the  establishment,  are  that  the  men  work  faster, 
increasing  materially  the  output  of  the  factory  ;  the  factory 
itself  and  the  surroundings  about  the  men  arc  cleaner;  the 
atmosphere  is  cooler,  and  with  the  use  of  electric  irons  the 
work  is  much  less  fatiguing  for  the  employees. 


'59 

The  President  :  Gentlemen,  we  have  spent  a  consider- 
able time  on  this  subject  and  shall  have  to  close  the  discus- 
sion. We  will  take  up  the  next  business,  which  is  the  report 
on  lost  and  unaccounted-for  current,  presented  by  Mr.  C.  W. 
Humphrey,  of  Denver. 


Mr.  Humphrey  presented  the  following  report: 

LOST    AMD    UNACCOUMTED-FOR    CURRENT 


I  will  ^-ndvavor  in  ihe  cmirsc  of  tlii*  pa[>er  to  explain  in  full 
the  calculations  of  losses,  ktiown  and  unknown,  for  alicnuning 
and  direct -current  circuits,  and  to  give  the  records  of  some  of 
the  results  we  have  obtained  and  tabulated  during;  the  past  t\vo 
years.  Most  of  the  data  herein  given  ari-  i-iinipile<l  from  re* 
suits  obtained  on  the  lines  of  tlic  Denver  Gas  and  Electric  Com- 
pany. 

Our  lines  here,  in  Denver  are  now  all  2400-volt.  single- 
pliasc  feeders,  but  the  calculations  arc  approxinialcly  the  same 
for  all  sysicins  of  dislribution,  regardless  of  voltage.  frcfiueiMrj- 
or  pliasc.  Even  in  high-tension  transmission  lines  the  same 
methods  may  be  used,  there  being  no  actual  losses  introduced  by 
inductive  drops.  Most  hiph-lcnsion  lines,  however,  luve  inte- 
grating wattmeters  on  both  e-ndit  "f  the  line.  The  difTcrence  in 
the  rcadinffs  will  indicate  the  total  loss  in  transmission.  This 
loss  may  be  easily  subdiviileil  into  resistance  losses  and  trans- 
former losses. 

Dirca -current  losses  may  be  calculated  in  much  the  same 
manner  as  those  of  aUcmatinK-currcnt  jircuits.  although  resist- 
ance losses  and  meter  sliunt  kisses  are  all  that  must  be  accounted 
for.  Wc  found  the  "drop  of  potential"  method  the  most  satis- 
factory for  calculating  the  line  losses,  following  along  the  fame 
lines  as  described  for  altcrnaiing-currenl  circuits  (mentioned 
later).  The  meter  >luml  losses  were  taken  care  of  in  the  same 
way  as  for  alternating  currents. 

Tlie  different  looses  in  an  alternating-current  system  may  be 
classified  as  follows ; 

Transfonner  iron  losses 

Primary  resistance  losses 

Secondary  resistance  losses 

Meter  shunt  losses 

1  will  begin  with  the  transformer  iron  losses,  and  show 
methods  of  calculating  and  keeping  records  of  same.  We  hav« 
a  card  index  system  consisting  of  (wo  set*  of  canU.  One  set 
has  a  card  for  each  transformer  on  our  lines  and  also  those  in 
stock,  and  shows  the  date  of  purchase,  where  set,  manufacturer's 
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number  and  type,  iron  and  cop|)cr  losses  as  shown  by  test,  and 
also  whether  or  not  the  transformer  has  been  removed  and  for 
what  cause,  as  well  as  a  retest  un  its  iron  luss  before  it  is  again 
jitacetl  in  service.  In  fact,  these  cards  show  the  entire  history  of 
each  transformer  from  the  date  of  purchase  up  to  the  present 
lime.  The  other  set  of  eards.  which  wc  will  call  the  feviler  index, 
showjt  the  exact  location,  make  and  numher  of  transformer, 
also  the  numWr  of  feeder  on  which  it  is  located.  These  airds 
are  arranged  according  to  location  and  feeder,  while  ihe  other 
index  is  arranged  numerically  according  to  the  make  and  numljcr 
of  the  I  ran  sf tinner.  Our  records  are  not  as  complete  as  the 
a1>ove  statement  might  seem  to  imply,  due  to  the  fact  that  these 
records  have  all  been  started  within  the  past  two  years  and  do  not 
incUidc  full  data  on  transformers  purchased  prior  to  that  lime. 

In  a  great  many  instances  we  have  tested  transformer  iron 
losses  while  in  service.  We  do  this  in  a  very  unique  way  and 
without  interrnption  to  service.  We  have  a  small  te*ling  board, 
which  includes  a  wailmetcr,  voltmeter  and  a  small  v.iriabic  rc- 
MStancc.  To  these  instruments  are  attached  two  ilexible  duplex 
cables  of  sufficient  Icnji^li  to  reach  from  the  ground  to  any  trans- 
former on  any  pole.  The  primary  fuses  of  the  transformer  art> 
pulled,  tlie  neutral  of  the  secondary  is  disconnected  (that  is.  if 
the  transformer  is  on  a  tliree-wirc  network),  one  side  of  the 
secondary  is  left  intact  and  the  ulher  side  is  cot.  and  the  watt- 
meter and  resistance  arc' inserted  in  the  circuit  by  means  of  one 
of  the  flexible  cables,  tlie  other  cable  being  used  for  pressure 
wires.  The  secondaries  are  kept  alive  by  the  odicr  transformer* 
on  lh«  system.  The  resistance  in  tlieii  so  adjusted  that  nonna) 
voltage  is  impressed  across  the  secondaries  of  the  transformer. 
Keadin^s  arc  then  taken  on  the  wattmeter,  which  indicates  ap- 
proximately the  iron  loss  and  may  be  corrected  for  instrument 
losses  in  the  usual  way. 

We  also  keep  up  a  transformer  record  sheet  for  the  purpose 
tif  more  readily  finding  our  transformer  iron  losses  as  soon  as 
possible  after  the  first  of  the  month.  These  sheets  have  a  line 
fi>r  each  day  of  the  month,  on  which  is  placed  the  number  of 
transformers  of  each  size  and  make  according  to  the  different 
headings.  On  the  extreme  right  of  the  sheet  is  a  column  for 
tlie  total  transformer  iron  loss  for  one  day.  This  rqircsenls 
the  total  34-tumr   loss  on  that  particular  feeder,  which  is  the 


swiiniation  of  all  the  iiuJividiial  loss»  ])crtainiii);  io  ihc  Irans- 
foniicrii  on  each  line.  At  llie  end  of  ihe  month  thi»  last  columti 
is  tolalueil.  and  this  represents  the  total  loss  for  the  month  on 
ihAl  feeder,  hi^nrc  i  ilhistrales  a  iy|)icnl  stieet,  which  will 
more  readil)'  convey  the  exact  idea  of  these  transformer  record 
sheets. 

The  next  known  loss  to  consider  is  the  primary  resistance 
loss.  This  loss  has  been  more  diflicult  to  asccrlain  correctly  aiul 
keep  up  from  month  to  month  tlinn  any  of  llie  other  linown  [o&se«. 


•  K.    0 


TUB  DCNVUR  CHS  U  ElECTtllC.  rOMPANY 


.^J 


PlO.   I 


We  have  used  four  different  nielhods  of  calculating  this  loss, 
and  will  take  up  each  different  method  and  endeavor  to  show  Ihe 
advantages  and  disadvantaj^cs  of  each. 

The  first  method  used  was  tu  measure  u|>  the  length  and 
Bizc  of  wire  in  the  i)riniary  feed,  assuming  one  ampere  to  be 
ttowing  from  the  station  to  the  first  ilivision  |K>int  in  the  feebler, 
then  assuming  the  current  to  divide  proportionally  to  the  con- 
nected load  in  each  branch  of  the  feeder;  calculating  and  sum- 
ming up  all  losses  due  to  an  initial  flow*  of  one  ampere  and  using 
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that  as  3  coitslant.  Tlien  amqierc-meier  rcaJings  arc  taken  at 
slvort  intervals  at  the  station  durinp  a  period  of  24  hours,  Each 
of  these  readings  is  then  s(|iiared  aii<l  multiplied  by  tlie  con»iam. 
Tlic  sumntation  of  these  losses  will  give  the  total  primary  re- 
sistance loss  for  fine  day.  This  meiliod  h  fairly  accurate,  but 
is  long  and  tedious  and  can  not  be  relied  upon  any  better  than 
other  more  simple  niethods.  One  i>oint  of  error  in  this  method 
is  the  fact  that  a  suspended  wire  stretches  in  course  of  time, 
making  its  cross-section  >ma11er  than  it  was  originally  and  tlien- 
fnrc  of  higher  resistance.  Joints  an<I  junction  fuses  also  intro- 
duce errors  of  more  or  le&s  maguitude.  11ie  results  :is  ob(aine«l 
from  iJiis  system  arc  always  considerably  smaller  than  actual 
measured  results. 

I  next  undertook  to  accomplish  the  desired  result  by  placing 
a  recording  volinic-ter  ai  the  >iaiion  and  another  at  the  centre 
of  distribution  and  then  taking  tbc  differcno:  between  the  two 
rcadiiigii  and  multiplying  by  the  load  in  amperes  corrcj.poTiding 
to  the  drop  in  voltage,  and  summing  up  as  in  the  previous  method. 
T1)is  would  be  a  very  satisfactory  method  if  this  drop  could  be 
ascertained  correctly.  .\  small  potential  transformer  is  usually 
eniployei^l  for  the  pur|H>se  of  stepping  the  voltage  down  for  the 
recording  voUmetcr.  Tbe  ratio  of  these  transformers,  when 
used  on  a  2400-voll  feeder,  would  be  20  to  1.  These  roltmeters 
can  not  be  read  with  an  accuracy  closer  than  one  volt:  therefore 
it  means  an  error  which  must  be  multiplied  by  a  constant  of 
20,  an«l  when  two  voltmeter*  are  used,  one  al  the  staiinn  and  one 
at  the  centre  of  distribution,  it  means  a  possible  multiplication 
of  an  error  by  a  couslant  of  4a  This  error  amounts  to  consider- 
able where  accuracy  is  essential. 

The  next  method  used  was  to  place  an  integrating  watt- 
meter in  the  primary  lead  just  befure  it  begins  to  feed,  run- 
ning  pressure  wires  for  il  back  lo  the  centre  of  distribution. 
Readings  were  taken  the  first  and  last  of  the  month,  and  kw- 
hour  readings  obtained  subtracted  from  that  obtained  on  the 
itatiou  wattiueler  for  the  same  period.  This  is  a  very  good 
metbod,  provided  there  arc  no  grounds  o^  individual  taps  taken 
off  between  the  two  watuneters.  If  this  sliotdd  be  the  case,  the 
results  obtained  might  lead  to  an  erroneous  impression. 

Tlie  method  we  finally  adopted  and  now  use  exclusively  is 
a  measured  resistance  metbod.     With  the  use  of  ihis-methoil  the 
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feeder  must  be  shut  down  ai  tome  convenient  time,  preferably 
during  light  load,  and  the  primary  fuses  of  all  I  ram  former* 
pidlcd:  that  is.  all  those  on  the  station  side  of  the  centre  of  <tis- 
tribution.  The  primaries  arc  then  short-drniitcd  at  thin  point 
and  the  resistance  of  the  circuit  is  measured  by  the  "drop  of 
potential"  method  with  direct  current,  the  ilirect  nirrent  being 
supplied  from  a  separate  direct-current  machine  and  the  voltage 
varied  so  as  to  permit  of  a  series  of  readings  being  taken.  The 
loss  is  then  calculated  by  means  of  ainpcrc  readings  taken  at 
the  station  at  stated  intervals,  the  same  as  in  the  first  two  meiho<ls. 
Or  a  belter  way  than  calculating  each  particular  jwint  is  to  calcu- 
late the  losses  for  different  amounts  of  current  and  plot  a  curve 
of  watt  loss  and  primary  amperes.  This  curve  also  includes 
the  primary  copper  loss  of  the  transformer  on  the  feeder,  full 
load  on  the  feeder  being  considered  as  the  sum  of  the  full-load 
capacities  of  the  ditTcrcnt  transformers.  The  readings  taken  at 
the  station  may  then  I>e  readily  run  off  on  this  curve  and  summed 
up  for  a  period  of  24  hours,  full-load  copper  loss  of  the  trans-, 
formers  for  llie  entire  feeder  being  the  siun  of  the  individual 
losses  for  all  transformers  on  the  feeder.  The  copper  losses  of 
a  transfonncr  are  assumed  to  be  divided  equally  lieiween  the  pri- 
mary and  secondary  windings.  This  assumption  has  licvn  borne 
out  by  tests.  Figure  2  is  a  curve  showing  the  difFcrenl  primary 
losses  as  calculated  above. 

After  losses  are  obtained  for  a  period  of  one  day,  the  tolsl 
loss  for  [he  month  must  bj  calculated.  This  is  done  by  multiply- 
ing the  output  on  the  feeder  for  one  day  by  the  number  of  days 
in  the  month  and  dividing  into  the  total  output  for  the  month  as 
obtained  on  the  feeder  vvattmclcr.  This  result  is  squared  ami 
multiplied  by  the  loss  for  one  day  and  nniltiplicil  by  the  number 
of  days  in  the  month.  These  results  will  be  as  close  as  it  is 
possible  to  calculate  them  and  would  be  very  accurate  if  it  were 
not  for  the  fact  that  the  characteristics  of  the  daily  load  curve 
change  during  the  ditTerent  »ea»ons  of  t>ie  year.  The  peak  is 
very  sharp  in  thcsummcr  with  a  very  small  morning  peak,  wfiile 
in  the  winter  tlie  peak  i-.  ijuite  brt.ad  an<l  the  morning  jx-ak  is 
much  more  noticeable.  For  this  reason  these  losses  must  be  rceal- 
culated  from  time  to  lime  ilurtng  the  year  as  ttiese  characteris- 
tics change.  Figure  3  shows  a  curve  of  one  of  our  principal  busi- 
ness   feeders    illustrating   these   different    characteristics.     The 
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greater  demand  shown  for  March  2ytli  is  due  lo  new  buuness  on 
llial  feeder.  Evidence  of  new  business  is  shown  throughout  the 
■curve.  Both  December  iSth  and  March  29th  were  clear  days. 
The  kw-hours  lost  due  to  primary  resistance  for  one  year, 
multiplied  by  the  actual  cost  of  generation,  will  show  whellicr 
reinforcements  would  pay  financially  and  to  what  extent  they 
niiglii  be  carried.     By  cost  v(  generation  is  meant  th-:-  variable 
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costs,  which  vary  as  the  output;  it  does  not  include  any  of  the 
fixed  expenses. 

The  secondary  resisuncc  losses  are  somewhat  more  difficult 
of  accurate  calculations.  Following  is  the  method  we  have  used 
exclusively  for  our  three-wire  sccomlary  network. 

In  Ihfs  calculation  we  have  had  to  assume  some  things  ir 
order  to  arrive  at  results.  The  total  secondary  load  is  assumed 
to  be  divided  up  in  proportion  t"  the  sires  of  the  different  trans- 
formers, one-half  the  toad  on  each  transformer  to  feed  each  way. 
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nnti  thi«  amount  of  cnrrenl  to  fw<i  unc-fourth  the  tlislancc  be- 
tween Imisformers.  Tlie  ati»iiiii|)tions  have,  however,,  bfcn  veri- 
fied in  each  case  by  the  lestin^r  of  all  transformers  on  the  line. 
This  asstiniplton  wouhl  nut  holil  tnic.  howcwr,  before  wc  began 
to  tc5t  our  iratisfonncra  »ysieninlic.illy  an<!  place  theni  un  our 
lines  in  accordance  witli  the  actual  load  carried,  instead  of  dc- 
(leiiding.  as  is  tin-  iisital  cnstoni,  uimn  the  cDiinected  load.  We 
iound  that  tlii:  actual  load  carried  varied  very  widely  from  tlial 
Ciilculalcd  un  3  basis  of  connected  load. 

With  ilieje  as^iuniptions  and  the  sire  and  length  of  seconilary 
feeds  being  known,  the  losses  may  be  figured  for  several  different 
amoinit*  of  current  flowing,  and  plotted  in  a  curve.  We  also  started 
in  to  figure  the  loss  i!ue  to  current  ilowinjj  in  the  neutral,  but  this 
loss  was  found  to  be  neglif^blc  on  uitr  system  of  dislribuliun, 
due  to  the  fact  that  our  transformers  are  so  evenly  balanced  that 
llivrc  is  a  minimum  How  of  current  in  the  neutral.  This  is  not 
the  case  on  the  majority  of  tli^ribtiting  A.-stcnis,  .1*  most  o£ 
the  transformers  arc  in  the  same  condition  as  ours  were  before 
a  iyNteinatic  leM  wa*  insiitnteil  by  inean»  of  an  instrument 
termed  the  "iwriable  hue  meter."  The  instrument  consists  of 
an  amnieler  directly  ralibratvd  with  a  small  series  transformer 
havinir  a  two-j)icce  iron  core  hinged  tojjciher  so  as  to  permit  of 
its  iH'ing  opentfl  and  eIa»]H-d  over  a  wire  al  any  [joint.  With  this 
histniment  we  have  been  enabled  to  measure  the  exact  load 
carried  on  a  transformer  at  any  time,  also  the  amount  of  un- 
lualancing.  The  loss  in  the  neutral  doe.*  nut  vary  as  the  per  cent 
of  unb,ilancing  and  is  therefore  inappreciable  for  small  ainount.-i  of 
tmbalancitig.  Out  in  most  systems  of  ilistribution.  where  this  un- 
Uilaneing  is  <iuite  eoii.->ideral>le.  it  licconies  an  im|ioriant  item. 
Unbalancin)!  not  only  increases  the  losses  materially,  but  also 
decreaKs  the  available  capacity  of  the  transformer  ijnite  mate- 
rially. It  has  been  claimed  that  transformers  banked  togelber 
On  a  three-wire  netwitrk  would  adjust  tlieniKelves  to  the  total 
uiilKtlauein^  of  the  feeder.  This  is  not  true,  as  we  liave  found 
iransfonncrs  of  the  same  make  ami  size  on  adjoining  jwlcs  con- 
sideraUy  unbalanced  on  op|x)sitc  sides:  and  even  in  eases  where 
transformers  arc  linked  together  on  llie  same  i>oIe.  they  will 
not  divide  their  loatls  evenly.  This  was  very  sirikingh'  illustrated 
by  an  occurrence  that  took  place  here  some  time  ago,  During  a 
breakdown  in  an  isolated  plant  furnishing  power  for  a  theatre. 


i68 


wc  were  called  upon  lo  furni*!-  ihem  with  light.  In  order  to  do 
this  we  placed  six  lo-kw  transformers  and  one  20-kw  trans- 
former, all  of  the  sanic  make  an<I  lyiie,  just  outside  of  the  butlcl- 
ing  and  connected  them  np  for  no  volts,  lying  them  together 
with  a  500,ooo-n»  cable  which  feil  the  theatre.  Following  is  the 
average  load  in  amperes  on  each  transformer  during  operation : 
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I  have  also  taken  into  consideration  llic  resistance  losses 
in  the  service  Ioo|)s,  This  is  taken  care  of  by  assimiing  the  sec- 
oiKlary  load  to  be  ct|nally  divided  between  the  diffcrcni  service 
loops,  ami  taking  the  average  length  and  size  of  a  service. 

The  secondary  transformer  copper  loss  is  taken  into  consid- 
eration in  the  same  way  :tf  in  the  primary  losses.  A  curve  is 
then  plotted  of  the  secondary  resistance  loss,  secondary  trans- 
former los»,  and  service  resistance  loss,  and  then  a  cuire  of  Ibe 
total  losses  is  plotted.  A  sample  of  one  of  llicsi-  curves  (figure 
4)  is  here  shown,  watts  h>ss  being  plotted  against  jirimary  am- 
peres. 

Tlic  all-day  losses  are  ohtaineil  in  ibe  same  way  as  witli 
the  primary,  using  the  station  ampere  readings  in  the  same 
way;  the  station  ammeter  not  being  relied  iijion  entirely,  a  stand- 
ard portable  instrument  being  cut  in  and  used,  and  the  switch- 
iMiard  meters  bi-ing  nddiratcd  at  the  same  time. 

Hie  only  known  loss  now  left  to  determine  is  the  meter 
shuni  loss,  a  loss  that  one  might  think  at  iir»i  liardty  worth  con- 
.sidering,  but  which  is  nevertheless,  of  considerable  importance 
an<]  assumes  very  Lirgc  proiKinions  in  .lome  insianres.  Tlic  lo^s 
can  be  obtained  with  a  greater  accuracy  and  less  trouble  than 
any  other  of  the  losie*.  fCaeh  difTerenl  type  and  size  of  meli-r 
tnnst  be  tested  and  the  average  of  a  number  of  different  tests 
taken.  We  use  a  meter  record  sheet  for  our  meter  losses  o«  each 
feeder  very  similar  to  our  transformer  record  sheets.  These 
shi-ets  are  kejrt  up  from  day  lo  tiay,  an<l  at  the  end  of  the  inunth 
the  daily  losses  are  summed  np.  giving  the  monthly  Iu&s«s.    We 
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find  it  much  i-asicr  lo  kci-p  up  our  records  in  this  way  from  day 
lo  day  on  the  dit^crcnl  feeders  than  it  U  In  wait  until  the  end 
of  the  month  and  then  figure  up  the  losses  for  the  past  month. 
It  is  also  the  most  accurate.  an<l  the  total  losses  may  K"  ascer- 
tained itiucli  more  quickly  after  the  first  of  ihc  month.  A  sample 
of  one  of  these  meter  record  sheets  is  here  given  (Figure  5). 
Our  total  sales  are  figured  up  al  the  end  of  each  month,  and 
as  meters  are  read  in  Ihrce  ditTeretil  divisions  at  different  times. 
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the  results  do  not  exactly  correspond  to  the  monthly  ouipul. 
The  bill*  for  one-lliird  of  our  consumers  cover  a  period  from 
the  first  of  one  month  to  the  first  of  the  next  month,  one<third 
from  lh«  lOth  to  the  loth,  and  one  third  from  the  20th  to  the 
aoth.  Tliis  variation  might  amount  to  considerable  in  one  month, 
but,  as  we  figure  everything  accumulative  from  month  to  month. 
our  records  arc  very  accurate  when  figured  over  a  space  of 
sereral  months. 
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I  liavf  iiuw  fully  explained  uiir  mctliods  fur  arriving  al  our 
known  lo&sn,  and  it  will  be  inicrcstinK  lo  noic  ihe  rcsulls  obtained 
in  some  of  otir  fcvderti  for  the  pa»t  year.    Wc  have  24  different 
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fcoilcrs,  on  all  of  wliicb  the  above  records  arc  kept  up  from  in<xith 
lo  month.  I  have  plotted  K:r.-t|itii(.-ally  the  losses  on  »o«»c  of  o«r 
feeders,  sltowini;  variation  of  losses  from  month  lo  month  and 
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hpul  (luring  October;  thi»  U  due  tu  some  unknown  loss, 
a6  llic  curve  of  sales  does  nol  show  this  characteristic,  neither 
does  the  curve  of  known  losses.  It  will  l>e  noticed  that  t)oth  the 
jiriinary  and  secondary  losses  sliow  a  steady  increasi-  due  lu  the 
increase  in  tJic  output.  I1ie  transformer  iron  loss  remains  about 
the  same  and  so  do  the  meter  shunt  losses.  The  relation  that 
the  sales  show  to  the  output  varies  frotii  59.3  per  cent  to  80.5 
l)er  cent,  l>cing  almost  a  steady  increase  from  beginning  to  end, 
the  unknown  loss  increasing  at  about  the  iianie  rate  as  the  output 
for  tile  first  two  months,  dropping  ulT  Ihe  next  month,  and  then 
remaining  about  the  same  for  the  remainder  of  the  period,  al- 
though both  the  sales  and  output  increased  cimsidcrably. 

In  tabic  No.  1  is  a  tabulation  of  an  alternating-current  feeder 


Xfdk' Showing  fcofKm^  ^  T?rree^/V  ove^  l/tdifdua/ 
Jrafi.ifci'mer  3yiVn 


Wrm 

avm* 

A»^ 

Jid 

*..-,*  — 

■^ 

ft — , 

r^.— . 

**— 

-«..*' 

H 

■ 

/ 

•»*»ii 

rrr^ 

«•' 

*»-r 

JM' 

3-  If**  '  3-j 

rtif 

'J 

.-JO 

r 

^»fl 

•• 

^  '  J 

J 

'3»f» 

••*« 

^a 

ff^a 

**l 

1 

*»9 

14 

9^ 

« 

JO» 

/* 

^/■r 

3 

f*r 

M«*tf 

J#A 

«'«p 

JM 

roati^A 

ara 

/o 

'«• 

.r 

a<a 

/• 

r9i 

■t 

d91Vto 

n"«« 

at 

5..  -   JVa 

mo9^   »T 

tias 

«9 

«tfa 

to 

^*^ 

«' 

»»» 

« 

d#/4« 

r**m' 

nt 

"•'  '  !«/ 

**•/ 

01 

/***• 

90 

«■■ 

/.» 

rra 

/« 

«9» 

« 

J*»«* 

niiB 

rif 

1 

r^ra 

«> 

ra*9 

3» 

«•« 

'« 

•aa 

J" 

rr/ 

Taile  I 


for  a  i)crio<l  of  six  months.  I>uiing  that  time  the  feeder  was 
changed  from  a  icxw-volt  imlivtdual  lran«.former  system  to  a 
jooo-volt  with  a  three-wire  sccondarj-  network,  with  the  excep- 
tion that  there  are  «lill  some  instane»  where  indiTiclual  trans' 
fonuers  arc  used,  due  to  the  sparsely  settled  territon,'  it  cover*. 
This  tabulation  shows  several  very  intere»ling  things.  Dur- 
ing the  first  two  months  the  individual  transformers  were  done 
away  with  and  replaced  with  a  three-wire  network  showing  a 
reduction  tn  transfuniu-r  iron  losses  fromi  6475  kw-hours  to  256a 
kw-hours,  a  decrease  of  a  little  over  60  per  cent.  At  the  s^nc 
time  the  lost  and  titiaccounted-for  has  taken  a  jump  of  nearly 
170  jwr  cent.  The  output  and  sales  increased  eonsi<]erably  tlic 
same  monlli,  due  to  oiiihining  another  feeder  with  this  one, 
adding  387  consumers,  which  were  ihantTc<1  nvcr  at  the  same 


Our  lost  anti  unaccountvd-for  current  lias  beai  itystctiuitii:- 
ally  followed  up  and  dccreaserl  very  iiialcrially.  Tliis  unknown 
kw*  is  due  to  leakage  llirough  grounds,  faulty  meter  registra- 
tion, errors  and  theft.  These  losses  have  been  plotted  graphically 
as  shown  in  Figttu-i^  7  and  8.  Each  circuit  is  tested  for  grounds, 
and  when  tnund  ihtriie  arc  traced  down  and  removed. 

The  greater  part  of  our  lost  and  unaccounted-for  current 
tta*  found  lo  be  due  to  thefts.  These  were  found  by  systematic 
iiispei'tion  of  service  loops  and  interior  wiring.  Theft  of  cur- 
rent w««  fotind  to  be  done  usually  by  tamiK-ring  with  the  wiring, 
removinp  pressure  wires  and  jumping  out  meters,  installing  l3ni[>s 
ahead  ol  the  tneter,  and  in  some  instances  tampering  with  the 
meter  so  as  to  retard  its  rotation.  Some  of  these  things  are  very 
difliaiU  to  lind.  especi.illy  in  cases  of  concealed  wiring.  Some 
rases  of  slow  meters  were  fotmd  by  placing  a  check  meter  on 
the  secondary  of  s  transformer  feeding  a  three-wire  district, 
making  an  isolated  district  of  it  by  opening  up  the  junction  fuses 
on  each  side  of  llie  transformer.  VVc  have  quite  s.  number  of 
ampere-hour  meters  on  our  circuits,  which  accounts  for  some 
of  tlie  lost  and  unaccounted-for.  as  an  ampere-hour  meter  will 
not  start  on  k-ss  than  two  to  four  t6-cp  lamps.  A  check  meter 
was  placed  on  one  district  havinj  nine  ampere-hour  meters  and 
eleven  integrating  wattitietcrs.    The  results  were  as  follows: 


Rc|[l*Ccrr(l  im  hou»r  <nc(cr* 

331,5     kw-liciun 

Sbunt  lti«*  on  II  nitivn 

6M         " 

Total 
Coniumpiion  at  ibown  by 
cbcck  tnelcc 

337.<>4 

I.uu 

39.TS                  or  S.I  percent 

AlKJut  the  only  absolute  mctiiod  of  preventing  theft  of  cur* 
rent,  and  as  yet  only  adnjited  in  isolated  instances,  is  to  place 
II  meters  on  the  pole.  This  could  be  accomplished  in  the  Inisi- 
ess  districts  of  the  city  by  placing  a  number  of  meters  in  one 
7x  on  a  ]x>le  and  running  all  services  from  this  box  and.  where 
possible,  bunching  the  wires  in  one  cable.  This  would  be  espe- 
cially advantageous  where  feeding  a  large  number  nf  ninMnners 
in  a  large  business  block,  and  where  the  running  of  such  a  cable 
would  not  be  more  objectionable  tlian  the  present  practice  of 
'bussing  such  a  building.  The  principal  advantage  of  such  a 
system  would  be  the  impossiblity  of  stealing  current  from  the 
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light  tomiKiny.  Wo  should  ]k  getting  paid  for  ail  current  dis- 
tributed and  our  losses  would  certainly  be  materially  and  perma- 
nently decreased. 

i  have  now  fully  discussed  all  the  principal  items  relative  Ip 
the  calculations  of  lost  and  unaccounted-for  current.  The  im- 
|x>rtancc  nf  an  analysiti  of  the  output  of  an  electric  station  can 
be  readily  seen  by  the  results  given  in  this  paper,  and  in  the 
majority  of  inM»nccs  such  an  analysis  will  show  such  startling 
results  as  will  lead  to  investigations  that  will  pay  for  the  time 
and  troiihle  many  limef.  over.  A  glance  at  table  Xn.  2  under  the 
column  headed  "Cost  of  Lost  and  Unaccounted-for  Current"  will 
readily  show  that  a  ronsideraWe  amount  of  money  can  1>e  spent 
toward  decreasing  the  lost  and  unaccounted-for  current.  In  no 
other  way  about  a  central  station  can  money  be  spent  more  pro6t- 
ably. 

DISCUSSION 

Mk.  Burnrtt:  It  would  appear  to  me  that  the  recom- 
mendation or  suggestion  on  the  lower  part  of  page  175,  to 
the  effect  that  a  number  of  meters  be  placed  on  a  pole,  is  a 
bad  one.  t  think  it  is  only  fair  to  assume  that  the  majority 
of  customers  would  object  to  having  the  meters  where  they 
can  not  be  seen.  Another  difficulty  would  be  that  if  they 
were  placed  on  a  pole  any  vibration  caused  by  the  wind 
might  entail  considerable  creeping. 

Mr.  Provtt:  J  ask  Mr.  Huniphrey  how  he  arrives  at 
the  amount  $SO'5-30>  as  being  the  value  of  the  lost  and 
unaccounted-for  current?  Was  that  the  value  of  the  coal 
required  to  pruduce  the  current,  or  the  selling  price.* 

Mk.  HuMftiksv:  The  actual  cost  of  current  distributed; 
all  the  variable  costs  that  vary  with  the  output,  which 
include  the  cost  of  coal,  oil,  waste,  and  a  part  of  station 
attendance;  also  the  losses  on  the  line. 

Mr.  Pboutt  :    At  what  rate  per  kw-hour* 

Mr.  Homphkev  :  That  is  shown  in  the  last  column. 
Table  l\ ;  the  average  for  the  year  being  about  one  and 
one>half  cents. 

Mr.  Proutt  ;  About  one  and  one-half  cents?  As  I 
understand  il,  you  figure  the  losses  in  the  primary  service 
from   the  volt  and  ampere  readings? 

Ur.  Hv'MPHiitv ;  We  figure  the  losses  in  the  primary 
circuit  by  the  C*R  method,  using  the  station  ampere  read- 
it 
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ingSi  corrected  fur  power  factor,  and  the  resistance  (or  that 
circuit,  meAsure<t  by  the  dTOp-of-poiential  method.  The 
ampere  readings  are  taken  at  intervals  of  fifteen  minutes 
throughout  the  twenty-four  hours. 

Mr.  Proutt  :  You  have  on  the  system  primary  watt-- 
meters  recording  the  entire  output  of  the  station? 

Mr.  Hi;mphkev  :  Yes. 

Mr.  Proutt  :  Comparing  that  with  the  current  sold  and 
the  report  from  the  customers'  wattmeters,  what  would  the 
loss  be? 

Mr.  Humphrkv  :  The  dillcrence  between  the  sales  and 
output. 

Mr.  Pkovtt  :  The  difference  between  the  sales  and  output 
8S  recorded  on  the  station  instruments? 

Mb.  Hl'mpiikev  :  Thai  would  be  the  total  losses.  Tliat 
was  414,906  kw-hours  per  year. 

Mr.  pROUTt :     I  desire  the  percentage. 

Mr.  Humphrey  :  That  is  41  5  per  cent  of  tlie  output  for 
the  year;  but  taking  euch  month  for  the  past  year  this  per- 
centage has  been  decreased  from  58.4  tu  16.5  per  cent. 

Mk  Matlack  :  I  ask.  if  there  is  10.8  per  cent  of  losses 
accounted  for,  what  is  the  percentage  of  sales  accounted  for 
and  percentage  of  stolen  current,  or  output,  unaccounted  for : 
how  much  of  the  revenue  are  they  not  getting? 

Mr.  HuMriiKKV  :  For  the  month  of  December  the  sales 
on  this  feeder  amounted  to  iy$  per  cent  of  the  output ;  the 
current  lost  or  unaccounted  for  was  5.12  per  cent,  and  the 
total  lost  and  unaccounted  for  was  16.5  per  cent. 

Mr.  Matlack  :  Assuming  that  the  net  earnings  were 
found  to  be  about  40  per  cent  of  the  gross  earnings,  If  you 
had  recovered  the  revenue  for  the  stolen  current  or  output 
unaccounted  for  your  net  earnings  would  have  been  increased 
about  25  per  cent  ? 

Mk.  Humi'hrkv  :    Yes,    sir 

(The  meeting  then  adjourned  until  ten  o'clock  on  Wednes- 
day morning.) 


ORDER  OF  BUSINESS 


Wednesdav,  May  25,  1904. 


THIRD    SESSION,    10    A.    M, 

1.  Paper — "Economy  in  Minor  Station  Supplies."     By  Edgar 

B,  Greene 

2.  Announcements 

3.  Paper — "Notes    on     the     Internal- Combustion     Engine    as 

Applied  to  Central-Station  Service."     By  E.  E.  Arnold 

4.  Paper — "Economy    Test    of    a    5500- Horse- Power,    Three^ 

Cylinder,  Compound  Engine  and  Generator."     By  J.  D, 
Andrew  and  W,  F.  Wells 

5.  Report — Committee  for  Investigation  of  the  Steam  Turbine. 

W.  C.  L.  EcLiN,  Chairman 

6.  Paper — "Practical    Notes    on    the    Steam    Turbine."      By 

Francis  Hodckinson 

7.  Report — Committee  on  Award  of  Doherty  Gold  Medal.    Dr. 

Schuyler  Skaats  Wheeler,  Chairman 

8.  Discussion — Gas  Engines  and   Steam  Turbines 

9.  Paper — "The  Mechanical  Stoker  and  the  Human  Operator." 

Bv  Edwin  Yawger 


THIRD  SESSION 

President  Edgar  called  the  meeting  to  order  promptly  at 
ten  o'clock  on  Wednesday  morning,  and  announced  the  first 
paper  on  the  programme  to  be  that  on  "Economy  in  Minor 
Station  Supplies,"  by  Mr.  Edgar  B.  Greene,  of  Altoona,  Penn- 
sylvania. 


Mr.  Greene  read  the  paper,  which  follows: 

ECONOMY  IN  MINOR  STATION  SUPPLIES 


Under  tht^  subject  I  propose  totreat  of  sialionsof  moderate 
size,  or  the  scnull  sutiun  ruilier  than  the  large  Stations  of 
moderate  size,  of  necessity,  do  not  have  the  number  of  people 
employed  lo  separate  the  branches  of  work  into  chisses,  as  can 
be  done  in  the  larger  stations.  Mence  it  is  necessary  tu  educate 
help  to  cover  wider  ranges  of  work  than  would  be  the  case  with 
the  larfcer  plants. 

We  have  used  with  very  good  results  a  course  of  training 
that  starts  the  young  man  as  an  apprentice  cither  in  the  steam 
side  of  the  plant  or  in  the  electrical  side,  giving  him  a  thorough 
training  through  all  branches  of  the  work.  Instead  of  the 
course  covering  a  certain  period  of  years,  it  covers  the  time 
necessary  to  develop  the  natural  ubility  in  the  apprentice,  that 
is,  promoting  the  apprentice  as  fust  as  his  ability  wilt  warrant 
the  promotion,  with  the  distinct  understanding  thai  each  person 
must  earn  the  promotion,  and  must  have  the  ability  to  warrant 
promotion,  or  be  required  to  stand  aside  for  the  next  man ;  in 
other  words,  that  each  position  in  connection  with  the  plant  is 
filled  by  a  perMin  trained  through  all  parts,  and  at  no  lime  is  a 
man  brought  in  from  another  pliinC  located  elsewhere  and  given 
a  position  over  the  men  who  have  gone  through  the  apprentice 
course.  This  plan,  wc  have  found,  works  very  successfully,  as  it 
creates  a  feeling  of  assurance  on  the  part  of  each  employee  that 
so  long  as  he  gives  his  best  efforts  to  produce  results  he  will  not 
be  required  to  stand  aside  for  some  other  man  who  has  not 
grown  up  with  the  plant.  This  does  not  mean  that  we  exclude 
entirely,  and  will  not  bring  in,  new  blood  or  new  material,  but  it 
docs  mean  that  the  new  material  i»  from  time  to  lime  employed 
on  some  special  parts  of  the  work,  bul  not  retained  and  pro- 
moted ;  used  rather  to  bring  out  a  wider  held  or  range  of  ideas. 

We  have*  had  a  number  of  our  employees  leave  our  em- 
ploy after  having  finished  the  course  and  having  beer  with 
us  several  years,  spend  two  or  three  years  with  other  con- 
cerns,  and  come  back  to  our  employ  again.  This  has  a 
tendency  to  bring  in  any  good  ideas  being  worked  out  else- 
where, and  we  are  able  to  criticise  our  own  methods  by 
the  experience  thus  g.iined,  as  well  as  to  gel  in  our  employ 
again   a   man    thoroughly   trained    in   and    familiar   with   our 
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methods  of  work ;  and  in  every  instance  of  this  kind  wc  have 
found  very  sillisfaclor)-  results 

Wc  hnve  had  a  number  of  our  apprentices  take  a  course 
with  the  well-known  correspondence  schools,  and  wc  can  most 
heartily  recommend  this  method  of  education. 

With  regard  lo  station  supplies,  one  item  that  we  have 
found  lo  be  of  value  has  been  lo  siundardi/e  the  fittings,  valves 
and  nipples  of  each  diameter  of  pipe  used  in  the  plant ;  as  an 
example,  two-inch  pipe  would  have  two  lengths  of  nipples,  one  a 
stumliir<l  nipple,  and  the  other  a  short  nipple.  A  standard  two- 
inch  nipple  would  always  be  15  inches  long  ;  if  it  were  required 
to  use  a  ver}'  short  nipple,  the  short  nipple  of  two-inch  pip« 
would  be  four  inches  lonfCi  in  ihrcc-inch  pipe  the  standard 
nipple  would  he  iS  inches  long,  and  the  short  nipple  six  inches 
long.  By  just  a  little  caie  in  laying  out  the  work  it  is.  easily 
arranged  10  follow  nut  this  system ;  then  when  repairs  become 
necessary  any  nipple  in  stock  will  fit  any  place  needed  The 
same  is  tnic  in  valves,  Wc  standardize  by  t>eing  careful  to 
adopt  a  make  of  valve  for  the  several  !>i/es  and  do  not  tniy  any- 
thing else.  This  does  not  necessitate  carrying  so  many  extra 
parts,  and  if  you  have  one  extra  value  for  each  diameter  you 
have  a  spare  valve  that  will  fit  any  place. 

Wc  have  found  that  by  putting  Greenfield  tubing  inside 
of  the  steam  hose  (used  for  blowing  otT  the  soot  in  boiler  tubes) 
the  life  of  the  steam  hose  is  increased  fourfold. 

We  hiive  a  home-made  arrangement  for  bending  tubes,  such 
as  are  used  in  Stirling  boilers,  making  segments  that  would  be 
about  two  inches  in  thickness,  and  fitting  about  half  of  the 
circle  of  the  diameter  of  the  tube  These  are  made  of  cast  iron 
and  arc  bolted  fast  to  a  wide  plank  We  are  able  to  heat  and 
bend  a  straight  tube  to  replace  any  tube  that  is  defective.  In  the 
necessar}-  repairs  to  Stirling  boilers  wc  do  this  by  heating  the 
tube  In  the  fire  under  the  boiler,  which  is  kept  quid  and  clean 
at  the  time  of  heating  ;  that  is.  the  damper  iscloscd  on  the  par- 
ticular boiler  the  tube  is  being  heated  in,  and  the  (ire  burnrd 
down  until  it  is  perfectly  clear  on  the  top  and  has  no  green 
coul  on. 

Tor  repairing  the  valve  stems  on  engines,  the  valve  stems 
in  gate  valves,  and  the  renewal  of  the  pins  tn  engine  governor^ 
pumps  and  like  machinery,  we  use  standard  cold-rolled  steel 
shafting  of  the  required  size,  cutting  and  threading  this  on  the 
lathe   in  our  little   shop;  this   method   makes  our   repairs  to 
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engines  and  other  machiner)-  very  simple  iind  requires  having 
the  engines  out  of  service  but  a  very  short  lime.  For  the 
rciicwiil  of  ihc  buKhings  in  engine  governors  wc  get  bronze 
tubing  in  sliindunl  size,  then  it  is  only  necessary  in  most  cases 
to  cut  a  piece  oft  the  tubing  lo  make  a  bushing;  we  use  the 
same  method  for  the  valve  motion  for  pumps  and  the  diHereni 
kinds  of  mHchiner>-  in  use,  if  the  holes  are  not  bushed.  The 
first  lime  repairs  are  necessary  wc  ream  these  out  to  a  stiindard 
size  and  bush  with  the  above -described  method.  When  next 
this  part  comes  lo  be  repaired  it  Is  a  matter  o(  only  a  few 
moments  to  renew  the  bushing  ami  nci.c-i»iiry  pin. 

It  will  be  noticed  thai  there  is  a  strong  disposition  to  follow 
Up  very  carefully  the  details  of  all  parts  that  have  occasioned 
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repairs  and  make  a  stnndard  methnrl  fitting  the  several  cases, 
so  that  in  future  repairs  the  work  is  very  much  simplified. 

tn  a  growing  town  there  is  a  demand  for  ashes  and  cinders 
for  use  in  buildings  and  in  building  permanent  sidewalks.  We 
have  found  it  economical  to  arrange  the  ash  pile  so  as  to  make 
it  convenient  for  teamsters  to  load  easily,  thereby  encouraging 
the  carting  away  of  the  greatest  iimoiint  possible  of  the  ashes 
at  no  expense  to  ihc  station,  At  somL-  periods  of  the  year  there 
is  no  building  of  any  account  going  on,  therefore,  no  demand 
for  ashes.  We  have  devised  a  very  economical  elevator  for 
loading  the  ashes  then  on  cars,  and  they  are  taken  away  by  the 
railroad  company,  free  of  any  additional  cost;  they  use  the 
ashes  for  repairing  sidings. 
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We  find  minumy  in  buying  tilrips  of  huitl-rollcd  copper 
three-fourths  inch  wide,  12  inches  long  nnd  .01  inch  in  thick- 
ness; we  solder  four  of  chesc  slrips  logclhcr,  making  brushes 
for  our  arc  machines  Wc  find  thai  this  makes  a  very  good 
brush  and  they  are  very  economical.  For  the  stiUcoer  we  use 
a  |)lios|ihor  bronze  .026  inch  in  thickness  of  the  same  width  and 
eight  inches  long. 

We  find  very  good  results  from  an  arrangement  for  draining 
all  rt(  the  oil  from  engines  by  gravity  directly  to  the  oilhouse. 
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where  it  goes  through  the  filters  automalicatly  without  any 
handling  except  drawing  off  the  water  in  the  first  tank.  The 
filtering  system  in  use  is  a  ver)'  simple  one;  the  oil  coming 
from  the  engines  goes  directly  to  the  bottom  of  :i  lank  for  the 
purpose  of  separating  from  the  oil  any  water  that  may  be  in  it ; 
from  the  top  of  this  tank  it  goes  to  the  bottom  of  the  second 
or  settling  tank  :  from  the  top  of  the  settling  tank  It  flows  by 
gravity  l<>  the  filters,  two  of  which  are  kept  in  service.  The  oil 
flowing  from  the  second  or  settling  tank  constantly  and  slowly 
is  being  filtered  as  fast  us  used  :  from  there  it  goe*  to  an  under- 


f^rouDd  tank,  and  is  pumped  from  this  undcrgruund  tank  to  an 
overhead  tank  for  gravity  di&iributiun  to  the  engines.  The 
tillering  material  in  uw  is  ^ilnI>ly  a  Turkish  towel  supported  by 
line  brass  woven  wire.  This  wc  find  gives  us  as  good  results  as 
any  method  wc  have  seen,  and  is  very  inexpensive,  and  very 
easily  taken  care  of.  The  care  necessary  i«  simply  shutting 
the  oil  during  light  load  period  fro:n  one  lilter,  allowing  it 
to  drain,  then  renewing  or  washing  the  towel.  This  room  is  kept 
at  a  temperature  of  over  95  degrees  and  is  practically  under- 
ground, and  llic  ventilation  is  just  sufficient  to  allow  such 
work  as  is  necessary  in  the  room. 

We  re-wind  all  defective  coils  for  both  multiple  and  series 
arc  lamps,  and  all  field  coiU  for  Thomson  recording  wsU- 
meter^,  and  re-wind  all  transformers. 

It  will  be  noticed  that  by  doing  ihe  repair  work  as  above 
described,  one  m;in  is  able  to  cover  a  wide  field.  While  the 
person  in  this  particular  branch  of  work  does  not  necessarily 
become  an  expert  on  each  part,  yet  we  find  it  profitable, 
t.iking  all  of  these  lines,  to  keep  a  man  for  the  necessary 
repairing  as  above  described,  which  covers  also  the  machinists' 
work  necessary. 

INCLOSKD-AKC    LAMPS,   BOTH    MULTIPLE    AND  SBRIK» 

The  inner  globes  are  brought  to  the  station  jind  washed 
with  a  revolving  brush  in  a  tank  of  water,  rinsed  in  an  adjuin- 
ing  apariment  of  the  tank  in  clear  water,  kept  approximately 
at  90  degrees,  are  dried  in  racks  which  support  the  globes 
from  the  inside,  keeping  each  end  free.  They  arc  then  tested 
on  a  ground-stcjl  plate  for  accuracy  al  the  end  for  the  inclosing 
cap,  when  they  are  fined  to  their  hoKlers  and  the  lower  holder 
trimmed  in  the  station  They  arc  finally  put  in  iHiskets  arranged 
wiih  u  compartment  for  each  inner  globe  and  carrii-d  to  ihcir 
destination,  We  find  it  prolitablc  to  carry  al  least  three  days' 
use  of  inner  globes  in  the  wash-room  in  course  of  cleaning 
and  drying :  that  is,  globes  that  itrc  washed  on  the  :aih  of 
the  month  would  not  be  used  prior  lo  the  13th  of  the  month. 
This  allows  globes  10  have  24  hours  for  drying  and  keeps  two 
days'  su,ip)y  of  globes  fitted  to  the  lower  holder  and  supplied 
with  Ihe  lower  carbon ;  in  any  emergency  this  permits  of  send- 
ing out  the  second  man  trimming  a  circuit  at  once,  instead  of 
first  preparing  the  inner  globes  before  going  out.  Starting  a 
new  man  trimming  inclosed  lamps,  handling  Inner  globes  with 
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the  necessary  c:ire  and  atteniio:],  it  will  be  found  that  the 
average  life  of  the  inner  globs  would  be  ttbout  8od  lamp-hours 
for  the  first  month;  with  careful  training  the  average  life  on 
■  he  second  month  will  lie  found  to  be  between  1400  iind  1300 
hours,  and  the  arc  lamp-hour  per  carbon  will  be  found  to  be 
about  10  per  cent  shorter  with  a  new  man  on  the  first  month 
than  the  results  which  will  fitllnw  after  that  period.  This 
method  we  find  gives  us  very  tuitisfjictory  results  with  over 
500  lamps  in  service,  tt  is  an  exce[)iifin  nither  than  a  rule  to 
be  culled  upon  to  send  h  repair  m«n  during  the  evening  or 
night  on  account  of  a  lamp  out ;  and  we  lind  also  tin  increased 
number  of  lamp-hours  per  trim.  Carhons  and  globes  arc 
checked  each  day  from  the  stuck-room  for  the  day's  trim, 
and  re-checked  at  the  end  <if  the  month  for  the  number  gone 
out  of  stuck  ;  this  gives  iin  accurate  account  of  the  total 
amount,  and  is  sure  to  include  those  carbons  and  globes  which 
have  been  used   in  the  repair-roam. 

In  maintaining  the  system  of  poles,  wires  and  fixtures  we 
use  a  low  wagon,  wheels  of  about  $2  and  34  inches  high, 
with  a  flat  top  running  out  over  the  wheels  :  this  gives  a  plat- 
form or  lied  (without  side-boards)  of  about  <>.$  feet  wide  and 
30  feel  long,  iind  with  this  method  two  men  can  load  a  pole  and 
such  necessary  tools  for  transporting  to  any  part  of  the  town. 

We  have  found  it  very  profitable  to  analyze  carefully  the 
orders  for  repairs,  and  where  we  find  repairs  necessary  we 
aim  to  follow  out  the  detail  as  carefully  as  poxsible,  and  where 
our  workmanship  is  not  as  it  should  be,  to  improve  il.  Where 
any  line  of  supplies  used,  either  on  the  pole  line  or  in  the  cus- 
tomers' premises,  gives  trouble  sufficient  to  call  attention  to,  we 
have  found  it  very  satisfactory  to  quit  using  such  lines  of 
material  as  give  trouble  on  pole  tlnei,  and  have  the  use  of  sucl} 
material  iin  in'^lde  work  discontinued.  We  have  been  able  in 
the  last  10  years,  by  carefully  following  the  details,  to  reduce 
our  repair  work  about  80  per  cent  and  give  customers  very 
satisfactory  service, 

In  reading  meters  we  find  ll  works  well  in  practice  not  to 
use  one  man,  but  to  use  several  men  from  the  several  different 
classes  of  work  We  do  not  send  one  man  on  the  same  route 
I  wo  monlhii  in  succession,  thereby  making  each  man  familiar 
with  the  liidtions  of  the  meters  on  each  of  the  several  routes. 
and  in  the  event  of  sickness  we  are  never  handicapped  oa 
account  of  meter-readtng. 
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DISCUSSION 

The  Phesidest:  I  waiil  to  repeat  practically  thtf  same 
stalniicnl  made  yesterday,  because  it  will  uniphatixc  what  I 
said  yesterday.  I  said  that  more  members  had  ashed  for  Mr. 
Rhodes'  paper  ilian  (or  any  other  paper.  The  same  is  prac- 
tically true  of  Mr.  (irccrtc's  pa|)cr.  1  have  iini  a  distinct  recol- 
lection as  to  which  of  these  papers  was  asked  for  by  the  greater 
number  of  our  members,  but  practtoilly  the  same  number  asked 
for  eaeh.  As  so  many  of  our  members  expressed  an  interest 
in  Mr,  Greene's  paper,  we  ought  to  have  a  very  general  dis- 
cussion upon  it. 

Mr.  .Abbott:  Mr.  Greene's  paper,  while  it  luus  been  handled 
from  the  standpoint  of  the  smaller  station,  applies  as  much  to 
the  larger  ])ower-houses — particularly  his  method  of  selecting 
his  employees  and  training  ihem.  I  do  not  know  of  anythittg 
that  will  introduce  discord  into  the  operating  force  so  promptly 
and  so  continumtsly  as  bnngini;  in  an  employee  and  installing 
him  in  <me  of  the  higher  positions  in  a  power-house  over  those 
who  have  worked  with  the  company  for  long  years  and  have 
gradually  earned  their  promotions.  I  have  known  of  cases  of 
men  being  brought  in  in  this  way  and  it  produced  a  discord 
so  violent  that  the  only  way  in  which  to  settle  it  was  to  clean 
out  cnlircly  the  original  force.  Of  course,  if  there  should  be 
another  new  man  brought  in  later,  lie  would  have  to  clean  out 
llie  second  force  and  establish  his  friends  in  positions.  I  think 
it  is  ven,"  little  credit  to  a  company  if  it  can  not  train  up  its 
own  men  as  well  as  to  have  them  come  from  the  outside. 

Regarding  ihe  matter  of  oil  filtration,  I  have  considered 
titc  function  of  the  filter  to  be  two-fold;  one  is  to  remove 
what  grit  there  may  be.  if  any,  which  there  seldom  is,  an<i  tl>e 
otiier  is  to  remove  grease  and  water  from  the  oil.  This  grease 
is  formed  by  the  saponification  of  the  oil  with  the  water,  and 
it  may  be  removed  by  settling  or  it  may  be  removed  by  evap- 
orating the  water  out  of  the  grease.  In  the  former  case  you 
lose  the  oil ;  in  the  second  case  you  have  the  oil  back  again. 
By  removing  the  water  and  the  grease  in  a  settling  chamber, 
or  by  evajmratiiig  the  grease,  I  find  there  is  no  need  of  a 
filtering  material  in  the  oil  filter. 

[  wish  to  ask  Mr.  Greene  what  this  Greenfield  lube  is  of 
which  he  speaks;  if  it  is  something  that  will  prolong  the  life 
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oi  tlic  steam  hose  for  four  limes  ii>  u»uat  life,  it  is  some- 
thing  we  shimtd  know  about. 

Mb.  Gkkf.nk:  The  ("iixTiifidd  tube  is  a  product  of  the 
SpragTic  company.  It  is  a  ilexiblc  steel  tube,  somewhat  similar 
to  ait  Bnglish  hose  made  of  copper,  and  it  is  intended  primarily 
for  wiring  purposes,  such  as  conduits  for  wiring  buildings. 
U'c  have  used  ihc  tube  vcrj'  successfully  in  connection  with 
the  steam  hose  in  the  boiler-house. 

Mr,  AnuoTTT     Tlic  insiilc  and  outside  diameter? 

Mk.  Gri:!v\k:  A  six«  thai  will  go  in  tlic  Meant  hose — 
just  lilling  up  the  steam  hose.  1  think  it  is  one  iitch  outside 
diameter  and  tbree-<iiiarttTs  inch  inside  diameter. 

Ma.  AiiniiTT:     What  Meam  prcssnre  do  yoti  use? 

Mk   Ghkkne:     One  hundred  and  lifly  pounds, 

Mr.  M.  a.  MAXWur.!.  (EaMon.  Pa.'):  The  question  of 
the  life  of  inner  globes  interested  me  considerably.  I  have 
been  wondcrinR  if  the  life  of  ilie  inner  globes  obtained  by 
Mr.  Greene  compares  well  with  the  average  life  as  obtained 
by  others.  The  city  in  which  our  company  is  located  has  a 
municipal  lighting  plant,  but  we  light  an  adjacent  town  of 
ro.ooo  )K)]>uIaltc>n  with  loi  are  lamps,  series  inclosed,  6.6-amperc. 
\\"c  have  used  on  the  circuit  less  than  70  inner  globes  per 
year  covering  a  period  of  four  years.  They  burn  all  night 
every  night  in  the  year.  It  makes  the  average  life  of  the 
inner  globe  k-tween  5000  and  (iooo  lamp-hours.  [  wonder  if 
the  life  of  1500  lamp-hours  is  as  good  as  is  obtained  by  the 
average  station.  We  have  used  less  than  50  outer  glolie*  per 
year.  Our  compau)'  uses  only  too  inner  globes  rimning  over 
a  year  and  a  half,  burning  all  night,  and  50  per  cent  of  the 
globes  that  are  broken  are  broken  by  bfiys.  It  is  a  question 
whether  or  not  our  globes  arc  lietter  taken  earc  of  than  in 
mher  |>Iaces.  and  I  should  like  some  expressions  on  the  life 
of  inner  globes 'from  those  who  use  them  in  larger  quantities. 

Mh.  Gk«en'p,;  .Ml  the  inner  globes  taken  out  of  stock 
arc  charged  against  all  lamp-hours,  in  our  method,  Evety 
globe  sent  out  is  charged  against  the  lamp,  wbetlier  broken 
by  Ixiys,  broken  in  the  repair-room,  or  in  haiidltng. 

Mr.  M.^xwell:  So  are  ours.  We  took  less  than  70 
rIoIk-s  for  renewals  for  101  lamps  for  Ilie  year.  Wc  may 
have  better  protection  in  otir  towtL 
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Mr.  Gkkbn£:  Our  hoys  ma>  be  worse  than  ilic  boys  in 
your  city. 

Mr.  Arthur  Williams:  !  atk  Mr.  Grettic  what  !iis  prac- 
tice is  in  reference  to  inclosed  safety  fuses,  atid  if  he  carries 
them  for  parts  of  Ncrnst  lamps? 

Mr.  <;rf,knf.:  We  carry  the  stnndard  Kdison  (use  plugs 
in  stock  for  free  renewals.  We  do  not  carry  the  inclu^cd 
fuse,  or  any  repairs  for  the  Ncrrist  lamp. 

The  Presidrntt  If  there  is  no  further  discussion  on 
this  paper,  we  will  proceed  to  the  next. 
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TuE  President:  Before  proceeding.  I  should  like  to  repeat 
some  announcements  made  yesterday,  'i'his  afternoon  there 
will  be  a  trip  down  the  harlx)r  and  on  the  return  a  visit  to 
the  L  street  siatinn  of  the  Boston  Kilison  cmnpany.  At  this 
station  we  expected  to  have  a  tiirbiitt  installed,  so  that  you 
could  sec  the  same  in  operation.  The  new  turbine  station  is 
entirely  completed  with  the  exception  of  the  turbine,  awl  the 
turbine  left  .Schenectady  last  week  and  is  now  on  the  road; 
hut  as  many  of  yon  gentlemen  came  to  Boston  to  see  the 
turbine,'  we  have  made  one  for  you.  We  have  a  full-siicd 
machine,  with  all  the  auxiliary  apparatus,  in  place.  The  (lenilc- 
nien  going  there  will  see  a  full-sired  turbine,  the  only  differ- 
ence between  it  and  other  turbines  Iwing  that  it  is  made  of 
j>apcr  instead  of  steel.  It  is  full  size,  and  will  give  you  an 
idea  of  the  amount  of  »pace  to  be  taken  up  in  the  station 
by  The  turbine   when  it  is  installed. 

We  want  all  the  gentlemen  who  attended  the  convention 
held  in  this  city  in  1887  to  give  their  name«  to  Mr.  Porter, 
the  master  of  lran!i|K)rlalion.  We  shall  trj'  to  get  a  photo- 
graph of  them  this  afternoon.  We  shall  have  a  photograph 
of  the  entire  company;  also  a  picture  of  thest-  gentlemen  taken 
separately. 

The  next  paper  in  order  is  "Notes  on  the  Internal-Com- 
bustion Engine  as  Applied  to  Central -Stat  ion  Service."  by  Mr. 
E.  E.  Arnold,  of  Piltshurg,  Pennsylvania. 


Mr.   Arnold   presented    the   following  paper: 

NOTES  ON  THE  INTERNAL-COMBUSTION 
ENGINE  AS  APPLIED  TO  CENTRAL-STA- 
TION SERVICE 


The  internal-combustion  motor  has  been  known  to  us  for 
over  it  century  in  more  or  less  limited  powers  and  Seld>  of 
usefulness,  but  the  recent  unprecedented  activity  of  European 
engineers  in  the  field  of  power  production,  brought  about  by 
(he  high  cost  of  fuel  and  the  smaller  earning  capacity  of 
properties,  has  stimtilaled  a  corresponding  activity  in  this 
country.  As  a  result,  the  merits  of  the  gas  engine  for  all 
classes  of  service,  and  particularly  for  central-station  work, 
are  being  thoroughly  investigated  by  American  engineers  and 
power  users  in  general.  Although  a  subject  of  keenest  inter- 
est at  the  present  lime,  »o  many  phases  are  presented  for 
treatment  in  a  paper  of  this  kind  that  in  the  following  pages 
only  such  will  be  touched  upon  ns  arc  of  more  direct  inter- 
est  to  the  users  of  central-station  machinery. 

It  is  generally  recognized  that  the  Internal-combustion 
engine  is  the  most  efficient  of  heat  motors,  although  the 
measure  of  its  efliciency  in  comparison  wkh  that  of  other 
heat  motors  is  not  so  thoroughly  appreciated ;  nor  has  its 
extended  development  both  at  home  and  abroad  produced 
among  power  users  a  conltdence  commensurate  with  the 
results  obtained.  In  fact,  the  combusnon  engine  has  pro- 
gressed to  such  a  point  that  there  now  seems  to  be  no  rea- 
sonable limit  cither  to  its   size  or  to  its  field   of  usefulness. 

An  explanniion  of  the  apparent  indifference  that  has  until 
lately  prevailed  in  this  country  may  be  found  to  the  location 
of  ihe  greatest  centres  of  industrial  development  in  close 
proximity  to  the  natural  fuel  beds.  For  this  reason  the' 
peculiar  merits  uf  the  internal-combustion  engine  in  the 
matter  of  fuel  economy  has  not  been  brought  home  with 
such  direct  forcefolness.  In  Europe,  on  the  other  hand,  and 
even  in  remote  sections  of  litis  country  where  the  cost  of  fuel 
is  excessive,  industries  have,  by  force  of  necessity,  turned  from 
the  steam  engine  to  its  more  efficient  rival  in  order  to  cur- 
tail operating  expenses  to    the   greatest   possible  extent.     We 
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find  therefore  that,  while  relatively  inconspicuous,  the  intcrnal- 
combu&lion  engine  has  now  acquired  quiic  extensive  recogni- 
Itun,  although  the  plants  in  operation  are  less  significant  fur 
the  immediate  results  attained  than  in  the  ultimate  conse- 
quences of  their  own  success. 

In  order  to  arrive  at  a  proper  concepiion  of  the  present 
status  of  the  combustion  engine,  wc  may  properly  refer  to  an 
excellent  paper  ,by  Mr.  Herbert  A.  Humphrey,  read  before 
the  British  Association,  in  Belfast,  in  1902.  Mr.  Humphrey 
has  compiled  in  a  concise  table  the  results  of  his  inquiries 
among  the  principal  builders  of  gas  engines  in  Europe  and 
America.  This  table  did  not  take  into  consideration  any 
engines  under  100  home-power  in  capacity,  ko  that  thote 
quoted  may  be  taken  as  representative  of  the  modern  high- 
power  engine.  At  that  lime  337  engines,  aggregating  181,000 
horse-power,  were  either. in  operation  or  had  been  built,  thm 
averaging  over  550  horse-power  per  engine,  and  conserva- 
tive estimates  would  now  nearly  double  these  figures.  In 
the  list  a  few  engines  of  1000  and  1500  horse-power  were 
noted,  the  largest  poiver  developed  in  a  single  cylinder  being 
about  600  horse-power,  and  several  htiilders  had  engines  of 
3000(04000  horse-power  under  construction,  It  would  there- 
fore seem  that  this  enormous  development  of  the  internal- 
combustion  engine  should  induce  in  the  immediate  future 
great  activity  in  the  gas-power  field,  particularly  ia  its  rela- 
tion to  the  generation  and  distribution  of  electricity  ;  therefore 
the  announcement  that  several  of  the  builders  of  Europe  and 
America  were  prepared  to  construct  engines  up  to  6000  horse* 
power  is  not  at  all  unexpected. 

GENERAL    TVPBS 

It  has  been  taken  for  granted  that  the  fundamental  prin- 
ciples of  heat  conversion  into  useful  work  by  combufltlon  In 
a  closed  cylinder  are  quite  generally  understood,  although 
the  proposed  working  cycles  of  operation  and  mechanisms 
attendant  thereto  have  been  so  numerous  since  the  concep- 
tion of  the  internal-combustion  motor  as  to  require  some  pass- 
ing comment. 

As  in  the  evolution  of  all  things,  the  development  of  the 
gas  engine  has  again  proven  the  law  of  the  survival  of  the 
fittest,  and  we  now  find  the  battle  being  waged  between 
the  two  modern  forms  of  heat  motor  cycles,  namely,  the  (our- 
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stroke  itntl  the  two-stroke  cycle.  The  latter  has  its  advao- 
tages  and  its  adherents,  but  the  former  is  decidedly  in  (avor 
by  reason  of  its  greater  simplicity  and  certainty  of  action. 
Uoth  give  a  power  di<igrHm  similar  to  Figure  i,  comprising 
combustion,  expansion  and  compression  lines,  the  difference 
being  in  the  manipulation  of  exhaust  and  admission. 

It  will  be  observed  from  the  following  table  that  dhe 
trend  of  modern  gas-engine  design  is  not  only  toward  the 
four-stroke  cycle,  but  unmistakably  toward  multi-cylinders  and 
multi-cranks,  with    a    further    balance    of    favor    on    the   side 
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of  engines  employing  the  double-acting  cylinder.  I^t  us, 
therefore,  glance  briefly  at  the  evolution  from  the  elementary 
engine. 

Figure  1  shows  an  elementary  single-acting,  four-cycle, 
single-cylinder  gas  engine.  Starting  with  the  piston  just 
beginning  its  forward  stroke,  the  mixture  is  ignited  and  (he 
piston  advances  through  the  power  stroke.  Upon  its  return 
the  exhaust  valve  opens  and  the  burned  gases  arc  positively 
expelled.  Upon  its  second  forward  stroke,  the  cylinder  draws 
in  a  mixture  of  gas  and  air  which  upon  its  second  reium 
stroke  is  compressed  to  the  desired  degree.     These  operations 
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Types  of  Wrll-known  Gas   Encines  Built  in   Sizes  aoo-Hp  and   Above. 
(vIaximum  Ratings  Givkn  Ark  Largest  Power  Units  the 
MAKER'i  Are  Reported'Readv  to  Furnish) 
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may  be  followed  out  in  the  typical  indicator  card  shown  in 
Figure  i.  It  will  be  observed  that  there  is  one  power  stroke 
in  every  two  revolutions. 

In    this    elementary  construction,   piston-^rod    packing  and 


Fig,  a 


cross-head  may  be  dispensed  with,  and  the  cylinder  is 
brought  nearer  to  the  shait,  thus  securing  utmost  simplicity 
and  compactness.       In  some  cases  of  power  application,  how- 
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ever,  it    is    desirable    to    obtain  ,a    more  uniform  crank  effort, 
which    may  be    accomplished    by    using    either    multi-cylinder 
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combinations  of    single-acting  cylinders  or    the  latest  applica- 
tion of  the  double-acting  principles  to  gas-engiae  designs. 

Figures  3  and  4  represent  an    elementary  tandem,  single- 
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acting  engine  and  a  double-acting'  engine  The  gases  pass 
through  the  same  cycle  of  operation  as  in  Figure  t.  In 
these  engines  there  are  two  power  strokes  in  each  two  revo- 
lutions. The  process  may  be  carried  still  further,  as  in 
Figure  5,  which  represents  a  tandem -cylinder,  double-acting 
engine.  In  llii»  case  there  are  two  power  strokes  per  revolu- 
tion, as  in  the  simple  double-acting  steam  engine. 

In  engines  employing  a  two-stroke  cycle,  it  has  been  the 
endeavor  of  the  designers  to  avoid  the  exhaust  and  suction 
stroke  necessary  in  the  four-cycle  en^ne.  This  is  accom- 
plished in  several  ways,  in  one  of  which  the  piston  at  the 
end  of  its  power  stroke  uncovers  exhaust  slots  or  ports  in  the 
sides  of  the  cylinder.  At  the  end  of  the  expansion  the 
exhaust  gases  are  forcibly  ejected  through  these  ports,  due 
to   the   remaining   pressure.      Whatever  gases   remain  are  at 
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atmospheric   pressure  and   arc   finally  expelled   by  a  puff    of 
■ir  previously  compressed  by  an  auxiliary  air  pump. 

Immediately  following  this  entrance  of  air.  a  charge  of 
gas,  compressed  by  another  auxiliary  pump,  is  introduced 
into  the  cylinder  and  the  whole  is  then  compressed  by  the 
piston  upon  its  return  stroke.  In  this  manner  the  functions 
of  suction  and  exhaust  strokes  are  delegated  to  auxiliary 
apparatus,  although  at  the  expense  of  considerable  lost  power 
and  friction.  The  results  obtained  from  two-cycle  engines 
do  not  appear  to  be  superior  to  those  obtained  through  the 
use  of  the  fourstrukc  cycle,  and  the  sole  advantage,  if  any, 
seems  to  be  in  the  slightly  greater  compactness  of  design, 
which,  however,  is  largely  ofF»et  by  greater  complexity  and 
cost  of  construction,  The  fact  that  the  majority  of  builders 
of  the  largest  engines  in  existence  have  adopted  the  simple 
four-stroke  cycle  in  their  designs  r:ither  indicates  in  which 
direction  lies  the  balance  of  favor. 


196 

The  effect  of  these  various  arrangements  upon  crank  effort 
is  shown  in  the  following  diagrams.  These  diagrams  repre- 
sent the  crank  ciTort  and  angular  displacement  curves  for 
several  arrangements  of  four-cycle  gas-engine  cylinders.  Each 
of  the  curves  is  plotted  for  an  engine  having  the  same  cylinder 
dimensions  and   speed  of   rotation.       The  vertical  scale  is   in 


Fig,  6 


foot-pounds  for  the  crank  effort  curves,  while  tor  the  angular 
variation  curves  the  scale  is  in  degrees'  displacement  of  the 
crank  from  that  of  true  uniform  angular  rotation  using  fly- 
wheel capacity  proportional  to  the  horse-power  developed. 

Figure  6  corresponds    to  the  single-cylinder,  single-acting 
engine  where   the   area  (/)  represents  the  power  stroke,  and 
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Fig,  7 


the  successive  periods  (c),  (j)  and  (c)  the  exhaust,  suction  and 
compression  strokes  respectively. 

Figure  7  refers  lo  the  tandem  single-acting  arrangement, 
while  Figure  8  represents  a  single-cylinder,  double-acting, 
fourcycle  engine  where  two  power  areas  occur  instead  of  one 
as  before. 
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Figure  9  represents  a  tandem -cylinder,  double-aciiag,  four- 
cycle engine  where  each  stroke  is  a  power  stroke  ;  this  diagram 
also  corresponds  to  a  double-acting,  two-cycle  engrine. 

It  is  evident  that  the  effect  of  more  uniform  crank  effort 
will  be  progressively  advantageous  to  the  uniformity  of  rota- 
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tton  of  the  engine.  So  with  the  double-tandem  arrangement 
with  cranks  at  90  degrees,  the  crank  effort  diagram  will  be 
still  further  smoothed  out,  with  a  corresponding  tendency 
toward  uniform  angular  rotation.  In  each  type  flywheels 
would,  of  course,  be  used,  proportioned  so  as  to  keep  the 
cyclic  variation   in  speed   from  uniform  rotation  within  some 


Fig.  9 


predetermined  limit.  It  is  apparent,  however,  that  the  use  of 
heavy  flywheels  should  be  considered  as  a  last  resource  in 
obtaining  low  cyclic  speed  variations,  which  should  rather 
be  secured  through  the  use  of  multiple  cylinders  as  furnishing 
the  most  practical  means  of  obtaining  the  uniform  crank 
effort  desired. 
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It  should  be  borne  in  mind  that  the  thrust  transmitted 
from  the  piston,  due  to  the  pressure  .generated  by  combus- 
tion, forms  but  one  of  the  factors  making  up  the  sum  total 
of  crank  effort,  and  it  often  occurs  that  the  inertia  of  recipro- 
cating parts,  further  influenced  by  the  angularity  of  the 
connecting  rod  at  certain  points  of  the  stroke,  largely  counter- 
balances the  effect  of  the  piston  thrust,  so  that  the  pressures 
actually  transmitted    to   the   crank   pins  are  greatly   modified 
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from  those  shown  in  the  indicator  diagram.  This  is  clearly 
shown  in  Figure  lo,  where  these  several  factors  have  been 
worked  out  for  an  engine  of  the  type  corresponding  to  the 
diagram  shown  in  Figure  9.  It  will  be  noted  from  this  that 
the  inertia  effects  are  practically  all  absorbed  by  the  com- 
pression occurring  at  each  stroke,  thus  making  a  very  smooth- 
running  engine. 

In  this  connection    are    involved    the   various    methods    of 
regulation.       By    far  the   simplest   and    most    universally  used 
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is  the  plain  throuting  governor.  By  this  method,  with  a 
given  gas,  a  uniform  quality  of  mixture  is  maintained  at  all 
loads  which  will  give  the  maximum  efficiency.  Speed  regu- 
lation is  obtained  by  a  governor  of  the  centrifugal  type- 
actuating  a  valve  that  proportions  the  quantity  of  mixture 
admitted  to  the  load  upon  the  engine.  It  should  be  borne  in 
mind  that  the  term  "throttling"  is  not  here  used  with  the 
same  signilicance  as  in  the  steam  engine,  tn  which  the  throt- 
tling of  steam  results  in  largely  decreased  efficiency. 

Another  method  that  has  received  considerable  attention 
from  designers  is  that  of  "  impoverishing  the  charp^e "  of 
mixture.  In  this  method  a  constant  quantity  of  air  is  always 
admitted  to  the  cylinder,  with  a  varying  quantity  of  gas  ac- 
cording to  the  load.  It  is  evident,  therefore,  that  maximum 
efficiency  may  be  obtained  from  the  cycle  at  only  one  load, 
while  at  all  other  loads  the  mixture  is  either  too  lean  or  too 
rich. 

In  the  majority  of  small  engines  up  to  50-hp  the  "hit-and- 
miss"  method  of  governing  is  used.  This  is  accomplished  in 
various  ways,  the  end  sought  being  to  proportion  the  numier 
of  power  strokes  to  the  load  upon  the  engine  and  not  their 
inUnsily.  For  instance,  when  the  load  is  tight,  the  governor 
enables  the  engine  to  miss  one  or  more  power  strokes,  and 
mixture  is  not  again  admitted  until  the  speed  of  the  engine 
has  fallen  slightly  below  the  normal.  For  power  work  on  a 
large  scale,  where  close  regulation  is  desirable,  such  as  driving 
electric  generators,  this  method  iscvidently  unsuited. 

A  method  of  governing,  which  now  appears  to  be  in  the 
ascendency  for  engines  of  large  capacity  for  driving  generators 
and  other  machinery  requiring  close  regulation  and  high 
economy,  is  that  employing  a  cut-ofif  gear  similar  in  many 
details  to  that  used  in  various  forms  of  poppet-valve  steam 
engines. 

FUEL   GAS 

Several  distinct  fuel  gases  suitable  for  gas-engine  use  are 
available.  When  reduced  to  calorific  values  per  cubic  foot  of 
explosive  mixture  of  proper  constituency,  the  calorific  ratings 
are,  however,  nearly  equal. 

This  is  shown  by  the  last  column  in  the  accompanying 
table,  which  gives  the  chemical  constituents,  thermal  equiva- 
lents and  air  required  for  theoretical  combustion  of  the  various 
gases  ordinarily  available  for  gas-engine  work. 
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The  power  lo  be  developed  by  an  engine  of  given  propor- 
tions does  not,  therefore,  vary  wiiUin  appreciable  limits,  ex, 
cept  OR  producer  gas  and  blast-furnace  gases,  when  larger 
engines  are  required,  or  larger  cylinders  on  the  same  engine 
frame  The  rate  of  combustion  is,  however,  fortunately  less 
rapid  with  these  than  with  other  gases,  due  to  the  large 
amount  of  inert  gases  such  as  N  and  CO)  present  in  the 
mixture.  The  compression  may  therefore  be  carried  much 
higher  without  risk  of  pre-ignition  or  "back-tiring,"  thus  io> 
creasing  the  efficiency  of  the  cycle.  With  water  gas,  the 
high  percentage  of  hydrogen  occasions  quicker  combustion 
and  higher  flame  temperatures  with  so  considerable  a  tend- 
ency to  pre-ignition  that  this  gas  is  not  well  adapted  to  gas- 
engine  work. 

Producer  gas  at  present  offers  the  greatest  possibilities 
in  the  lield  ol  power  for  general  utilization,  due  to  its  com- 
parative cheapness,  simplicity  of  generation  and  high  eRi- 
ciency.  A  comparison  of  the  approximate  thermal  efficiencies 
of  the  various  gas  processes  gives  the  following  results: 

Coal  g»  (wiihout  cok«) S4  p«  cent 

(coke  included) ....60 

Water  teas 6a 

"      (ipedal   qukk-bUst) ;s  10  80        ■■ 

^rodacergas ..  80  10  85 

The  ordinary  prodncer>gas  equipment  comprises  three 
elementary  functions:  a  gtnirator,  resembling,  on  a  small 
scale,  the  ordinary  blast-furnacc ;  a  tcrubber  for  cooling  and 
removing  recrement  fium  the  ga:> ;  ;<iid  a  imull  baiUr,  usually 
placed  in  the  path  of  the  heated  gases  leaving  the  producer. 
This  boiler  supplies  steam  which  is  later  more  or  less  dis- 
sociiit<:(t  in  the  producer  into  its  elvmcnts  f)  and  H. 

A  recently  introduced  process,  developed  by  Dr.  Ludwjg 
Mond.  yields  producer  gas  and  sulphate  of  umtnonia  as  a 
by-product.  A  considerable  amount  ol  special  ammonia- 
recovery  appariiius  is  necessary,  hut  the  returns,  it  is  stated, 
from  the  sale  of  the  by-product,  often  cover  the  cost  of  the 
fuel. 

Several  by-product  coke  processes  are  also  being  actively 
exploited  in  this  country  which  seem  to  promise  good  results, 
the  object  being  to  secure  a  high  grade  of  metallurgical  coke 
as  tlie  main  product  nod  disiillcd  gas  as  a  by-product  for 
use  in  heating  processes  snd   (or  power  purposes. 


301 


PERFOKMANCK 

The  actual  performance  of  the  modem  gas  engine  does 
not,  of  course,  even  approximate  the  theoretical,  by  reason  ol 
its  inability  to  utilise  the  entire  heat  generated  in  combus- 
tion. As  its  upper  limit  o(  efficiency,  however,  is  s<>  much 
higher  than  in  the  case  of  the  steam  engine,  its  ittt  efficiency, 
based  on  aciUEtl  output,  approaches  the  thtoretital  cfilicicoCT 
of  the  steam  engine  operating  under  ordinary  conditions. 

!n  order  to  show  what  average  performance  may  be 
expected  from  the  modern  gas  engine  of  reasonable  si/e  the 
following  table  has  been  prepared,  which  gives  as  concisely 
as  possible  the  results  nn  a  large  number  of  carefully  con- 
ducted shop  tests  at  Eust  Pittsburg  and  elsewhere  upon 
Wcstinghouse  gas  engines,  ranging  in  size  from  too  to  600 
brake-horse- power.  These  tests  were  selected  at  random 
from  the  test  records  of  the  company,  comprising  nearly  a 
thousand  complete  gas-engine  tests,  the  only  care  being  to 
have  them  representative  of  several  types  and  sizes  of  en^nes 
manufactured. 

It  is  the  usual  custom  of  steam-engine  builders  to  rale 
and  express  the  economy  of  their  engines  in  terms  of  indi- 
cated horse-power.  In  the  gas  engine,  by  reason  of  the  higher 
pressures  and  temperatures  dealt  with,  it  is  not  such  an  easy 
matter  to  determine  accurately  the  indicated  horse-power. 
For  this  reason,  the  results  given  in  the  accompanying  table 
are  based  entirely  upon  brake  or  useful  horse-power,  thus 
eliminating  all  uncertainties  incident  to  the  indicated  work. 
Indicator  cards  were  of  course  taken  at  uniform  intervals 
during  the  tests,  but  are  used  entirely  to  determine  the 
accuracy  of  valve  settings.  In  the  majority  of  these  tests, 
Pitutburg  natural  gas  was  used,  ranging  in  effective  heat 
value  (rom  850  to  10=0  B.  T.  Us.  per  cubic  foot.  On  account 
of  fluctuations,  occurring  at  various  limes,  calorimeiric  tests 
are  made  at  more  or  less  regular  intervals,  and  whenever 
espooially  important  tests  arc  being  run  the  calorimeter  deter- 
minations are  made  coincidcntly.  The  consumption  of  gas 
shown  varies  within  certain  limits,  but  when  reduced  to  a 
basis  of  British  thermal  units  per  brake- horse- power,  the 
results  are  more  uniform. 

A  typical  engine  test  is  graphically  represented  in  the 
form  of  curves,  as  in  Figure  tt,  which  shows  a  complete 
efficiency  test   upon  a   175-horse-power  vertical   three  cylinder 
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engine  of  the  four-cycle,  single-actiog  type,  appearing  in  the. 
tabic  above  as  No.  619.  It  will  be  observed  that  the  curve 
of  total  gas  consumption  is  nearly  a  straight  line.  The  curve 
of  gas  used  per  brake-horse- power  differs  somewhat  from  the 
corresponding  curves  of  steam  consumption  in  a  Steam  engine 
inasmuch  as  they  indicate  progressively  lower  consumption 
up  to  the  ultimate  capacity  of  the  engine.  In  these  tests 
natural  gas  was  used,  averaging  990  total,  or  905  effective, 
British  thermal  units  per  cubic  foot.  At  full  load  the  heat 
consumption  was  approximately  9800  B.  T.  Us.  per  brake-borse- 
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I'lmcr-hoiir.  The  gas  consumed  was  10.8  cubic  feet.  The 
mfthaiiital  efficiency  of  the  engine  at  full  load  is  approximately 
S;  per  cent,  and  the  useful  or  kinetic  efficiency,  based  upon 
ihe  ;iliove  figures,  is  about  26  per  cent. 

In  other  fuel  gases  of  different  calorific  value,  the  heat 
omstimpiion  per  horse-power  is  approximately  the  same  as 
.tlmve.  but  the  i|u;inu[y  of  gas  varies  nearly  in  inverse  pro- 
p.irlion  10  their  heat  values,  as  will  be  observed  by  reference 
to  ilie  last  tl>ree  tests  upi>n  ilHTerent  grades  of   producer  gas. 

In    the    11s11.1l    form    of    gas    engine,  the    expansion  i>  not 
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carried  down  to  aimosphere,  as  this  would  necessitate  entirely 
too  bulky  construction  in  proportion  to  the  extra  power  to  be 
derived.  Tlie  terminal  pressure  usually  reaches  about  50 
pounds,  which  reduces  the  limit  of  theoretical  eHiciency 
(noted  on  Figure  1)  to  about  50  per  cent,  over  half  of  which 
is  actually  obtained  hi  the  engine  shaft.  The  losses  comprise 
mechanical  friction,  heat  discharged  into  the  exhaust,  and 
beat  carried  away  in  the  cylinder-jacket  water 

It  is,  however,  possible  to  reclaim  some  of  this  lost  heal, 
thus  increasing  the  total  efficiency  of  the  outfit.  In  several 
instances  the  hot-jacket  water  is  sent  through  radiators  for 
hciiting  the  power  hnilding  and  offices  ;  in  others  it  is  cir> 
culated  through  the  water  seal  in  gas  holders  to  prevent 
freezing  in  winter;  in  still  other  plants,  tubular  boilers  have 
been  installed  in  the  exhaust  line  from  the  engine  through 
which  the  hot-water  jacket  water  circulates,  absorbing  further 
heat  from  the  exhaust  gases,  and  is  finally  used  as  feed  water 
in  an  auxiliary  steam  plant.  Thus,  in  one  case  the  total 
efficiency  of  the  gas-engine  equipnnent  was  increased  from  15 
to  65  per  cent.*  Again,  steam  may  be  raised  to  a  suitable 
pre.i^ure  for  blowing  the  producers. 

It  may  be  held  that  the  performance  o(  engines  tested 
under  highly  favorable  conditions  in  the  shop  is  not  repro- 
duced in  actual  practice  where  the  machinery  is  obliged  to 
operate  under  less  favorable  conditions,  both  as  regards  load 
and  care  received.  As  a  matter  of  fact,  however,  the  good 
performance  on  the  testing  floor  is  readily  secured  in  actual 
service  by  propeily-dexigned  engines  unless  they  are  sub- 
jected to  gross  misusage  by  careless  attendants,  as  occasion- 
ally occurs. 

The  numerical  coincidence  of  one  pound  of  coat  expended 
in  producing  one  useful  horse-power  has  been  long  looked 
upon  as  the  probable  limit  of  steam-engine  efficiency,  It  is 
therefore  of  particular  inteicst  that  this  result  h;is  already 
been  attained  by  high-grade  internal-combustion  engines.  The 
average  efficiency  of  a  produccr-gas  plant  may  be  taken  at  80 
per  cent,  which  is  a  conservative  figure ;  many  producers 
reach  a  higher  efficiency.  Assuming  the  calorilic  value  of 
medium-grade  coal  as  13.000  British  thermal  units  per  pound, 
the  heat  delivered  to  the  engine  in  the  form  of  gas  is  10,400 
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B.  T.  Us.  As  has  already  been  shown  in  the  preceding  table 
on  brake  tests,  this  figure  Tepresenis  approximately  the  duty 
of  the  engines  under  coniidemlion.  It  may  therefore  be  ex- 
pected that  a  ga»-power  plant  properly  designed  and  equipped 
will  show  a  performance  of  about  one  pound  of  coal  per  brake- 
hofsc'power  on   full   load. 

At  fractional  loads  the  coal  consumption  would  naturally 
increase,  but  nnt  so  rapidly  as  migtit  be  expected.  Tests  by 
diflerent  muihorities  upon  gas-engine  plants  fully  confirm  the 
above. 

Mr.  H,  A.  Humphrey  gives  n  two  and  nne-half  hour  test 
upon  a  75'kw  gas-engine  unit  operating  ai  full  load  upon 
Mond  gas  with  a  consumption  of  .91  pound  of  cheap  slack  coal 
per  indicated  horse-power-hour.  During  two  years"  continu- 
ous running  ot  this  power  plant,  the  average  coal  consump- 
tion at  the  switch  board  was  1  Si  pounds  per  kw-hour,  equiva- 
lent to  1.05  pounds  per  indicated  horse- power- hour. 

An  interesting  comparison  between  steam  and  gas  equip- 
ments may  be  found  in  two  electric  power  gialtons  operated 
by  an  American  concern  :  one  covers  a  steam  station  of  tf5o- 
i.hp  capacity ;  the  other  a  gas  station  of  £85>b.hp  capacity. 
Both  plants  operate  from  15  to  18  hour&  per  day,  and  the 
steam  plant  runs  condensing  with  a  slightly  higher  load  fac- 
tor than  the  gas  plant.  Results  obtained  upon  these  two 
plants  covering  a  period  o(  five  to  six  months'  operation  show 
that  the  heat  consumption  of  the  steam  station  was  about 
91,000  B.  T.  Us,  per  kilowatt  and  the  gas  station  19,100  B.  T.  Us. 
per  lEW>huur,  or  approximately  one-third  that  of  the  stcam> 
engine  equipment. 

In  another  instance,  u  500  horMc-power  steam  plani, 
equipped  with  nun-cundenaing  engines  and  boilers  fired  by 
natural  gas,  was  superseded  by  an  £oo-horse-powec  gas-engine 
plant.  During  a  34-hour  test  at  favorable  load,  the  steam 
equipment  required  86  cubic  feet,  and  the  gas-engine  equip- 
ment SI.5  cubic  feet  of  natural  gas  per  kw-hour  at  the  switch- 
board. 

It  may  be  of  interest  to  carry  this  comparison  a  little 
further,  into  the  domain  of  cost  of  equipment,  with  a  view  of 
determining  whether  investment  in  a  gas-power  plant  will 
ultimately  prove  more  prolilable  than  in  a  steam  plant  of  cor- 
responding capacity.  In  order  to  establish  a  legitimate  basis 
of  comparison,  it  is  necessary  to  consider  two  factors : 
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First,  operating  conditions  and  the  cost  of  labor  and  sup- 
plies (except  fuel)  must  be  brought  to  a  parity  ;  second, 
the  proper  deductions  for  excess  fixed  charges,  if  any,  must 
be  made  from  the  total  saving  recorded  in  the  gas  plant 
over  the  steam  plant. 

Assume,  now,  two  plants  each  of  jooo-kw  capacity,  one  a 
steam  station  running  on  four  pounds  of  coal  per  kw-hour, 
and  the  other  a  gas  station  requiring  two  pounds  of  coal  per 
kw-hoi^r,  with  an  average  output  of  400  kilowatts  or  zo  per 
cent  load  factor,  fuel  costing  $3.00  per  ton  delivered  for  each 


lij 


tt4t.  . 


AasumfrtOK, 

jL 

t^mtf'rmr  *4Aitr 

ftta^Hf 

C#j|  mr  t.iKft   XfUMt 

**w. 

CUI- 

C4^r   K0AI     ^TM  rw* 

*>u 

/tttft  /V'V  Mr 

t* 

SAYt    'V-JV    Y£MJt 

ttT 

it^r  ti»  ftf/'trrt/i- 

/S  ttvl 

tAtrtfrsr 

SX 

erfwre/ArfSfi 

61% 

M'0Ctit*Ke»*9 

t% 

nrAf  rtJitt  rmnttt^ 

my. 

Fig.  u 


plant.  The  saving  in  fuel  cost  due  to  the  gas  station 
throughout  its  life,  which  we  assume  as  15  years,  amounts  to 
$79  per  kilowatt.  This  represents  the  gross  difference  in 
fuel  cost  with  no  fixed  charges  deducted.  If,  for  instance, 
the  two  plants  cost  $100  and  $125  per  kilowatt,  respectively, 
the  difference  in  total  fixed  charges  in  15  years  of  operation 
amounts  to  J51  per  kilowatt.  Deducting  this  from  the  total 
saving  in  fuel  cost  recorded  in  favor  of  the  gas  plant,  we 
nave  in  round  numbers  $;8  per  kilowatt,  which  represents  the 
net  saving  we  have  in  favor  of    the   gas-engine    equipment   in 
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excess  of  the  sceam-engine  equipment  at  the  end  of  its  life, 
or,  by  reference  to  Figure  12,  it  is  seen  that  we  could  afford 
to  pay  $39  more  per  kilowatt  for  the  gas-engine  equipment 
and  still  be  on  a  parity  with  the  steam-engine  equipment. 

Consider   another   aspect    of    the    case,      A    net   saving   of 

TABLE  IV 

FIXED  CHARGES 
CobI  of  equipment tzoo.ooo  00    taso.ooo  00 

Interest,  5  per  cent     10.000  00         12,500  00 

Depreciation,  6|  per  cent 13.320  00        16.650  00 

Taxes,  insurance,  etc..  3  per  cent 4,000  00  5,000  00 


Total  fixed  charges ^7,320  00      $34,150  00 

Excess  gas  over  steam $6,830  00 

' per  kilowatt 34a 

15  years SI'S 

COMPARISON  STEAM  VS.  GAS  POWER  FOR  TYPICAL   LIGHTING 

STATION 

Assumptions 

Capacity  plant 3.00a  k  it 

Cost  per  kilowatt. $100  00 

Pounds  coal  per  kw-hour. . . . : 

I).  T,  Us.  per  pound 

Load  factor 

Hours  operated  per  day 

Days  operated  per  year 

Life  III  machinery 

Interest 

Depreciation 

Taxes,  insurance,  etc.... 

Cost  coal  delivered  per  ton 

Computations 

Ciisi  fuel  per  kw-hour (O  006  So  003 

day 57  60  28  Bo 

'  year. 31,050  00  10,515  00 

Saving  gas  over  steam  per  year. $10,515  00 

' in  15  years I57.87S  <» 

"       per  |[w  capacity      "       "    ....           ...  7*93 

Excess  in  fixed  charges  gas  over  steam  perkilowailin  15  yrs.  51  23 

Saving $27  70 


$28  per  kilowatt  at  the  end  of  the  life  of  the  equipment 
amounts  to  $56,000.  Per  year  if.  amounts  to  83724,  which  may 
be  regarded  either  as  revenue  for  increasing  dividends  or  as 
interest  upon  increased  working  capital.       At  five  per  cent  an 
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Increase  of  $74,250  would  be  warranicd.  This  fact  is  rarely 
appreciated  by  purchasers  of  power  machinery,  with  whom 
iflitiul  cost  is  often  the  most  important  item,  so  that  equip- 
ments of  inferior  quality  and  decidedly  inferior  economy  are 
often  installed  rather  than  apparatus  that  in  the  long  run  will 
net  a  handsome  revenue. 

The  high  cost  of  the  gas-engine  equipment  as  given  above 
is  mainly  chargeable  to  holiler  capacity.  Without  holders 
the  cost  will  l>c  much  mure  nearly  equal.  Although  gas 
engines  are  rather  more  expensive  to  build  than  steam  engines, 
owing  to  the  higher  pressures  carried,  the  larger  number  of 
expensive  auxiliaries  required  in  the  steam  plant  raise  the  total 
costs  nearly  to  an  equality  with  the  gas   plant. 

These  figures  are  shown  in  gruphical  form  in  Figure  ii 
under  the  assumptions  previously  noted.  The  diagonal  lines 
show  the  variation  in  saving  due  to  load  factor  upon  the  sta- 
tion. In  the  above  estimate,  this  load  factor  was  assumed 
as  to  per  cent,  which  is  about  that  encountered  in  a  typical 
lighting  station  where  proper  distribution  of  capacity  among 
several  generating  units  is  made.  With  higher  loail  factors, 
the  capitalized  saving  would  of  course  be  greater,  as  is  shown 
on  the  diagram  (or  load  factors  of  30  and  40  per  cent,  likewise 
for  a  considerably  Ijwcr  load  factor,  than  was  assumed,  for 
instance  10  per  cent,  the  increased  efficiency  of  the  gas-engine 
plant  can  not  overcome  the  increase  in  fixed  charges,  and  a 
slight  loss  results  under  the  latter  assumption.  With  30  per 
cent  load  factor,  however,  a  corresponding  saving  of  $66  per 
kilowatt  is  effected. 


INSTALLATIONS 

The  results  that  have  been  obtained  from  the  continued 
operation  of  gas-power  plants  may  be  of  interest  at  this  point 
as  exemplifying  the  above  facts  regarding  gas-engine  econ- 
omy, lis  field  of  application  has  been  extremely  broad, 
embracing  industrial  works,  central  station,  electric  railway 
companies,  high-pressure  gas-distributing  systems,  pumping 
stations,  etc.,  and  although  specific  figures  are  in  but  few 
cases  available,  the  general  results  indicate  the  high  charac- 
ter of  the  service  rendered. 

A  notable  lighting  and  power  plant  is  located  at  Brad- 
ford, Pennsylvania,  operated  by  the  Bradford  Electric  Light 
and  Power  Company,  which,  in  1898,  converted  their  stcam- 
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driven  plant  inio  a  gas-engine  plant,  employing  Datura)  gas 
for  fuel  at  a  miminal  cost  of  lo  cents  per  looo  cubic  (eel, 
with  a  minimum  contract  of  $3oco  per  year.  The  steam 
plant  burned  natural  gas  under  [he  boilers  and  required  51 
cubic. feet  per  i.hp-hour,  or  about  86  feet  per  kn-hour.  In 
the  second  year  after  the  conversion  from  steam  to  gas 
engines,  the  cost  for  gas  was  reduced  from  over  $9000  to  the 
(3000  minimum,  and  at  ibe  end  of  four  years  after  the  con- 
version, although  an  increase  of  50  per  cent  was  recorded, 
the  gat  consumption  of  the  station  was  stilt  $3000  per  year, 
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and  would  have  been  less  than  $1700  per  year  had  it  not 
been  for  the  previous  contract  stipulations.  Observations 
tipon  the  gas-engine  station  (or  a  period  of  six  months  show 
an  average  consumption  of  31.5  cubic  feet  of  gas  per  kw-hour 
for  all  loads  and  conditions  of  operation.  The  gas  is  some- 
what richer  than  Pittsburg  natural  gas,  averaging  about  1175 
B  T,  Us.  per  cubic  foot.  The  cost  of  fuel,  labor,  supplies  and 
repairs  averaged  $:o,ooo  per  year  for  the  steam  plant  of  500 
biake-hoise-powcr,  and  §11,000  |ter  year  for  the  gas-engine 
plant  of  800  briike-horse- power. 

The  Madison  Gas  and  Lilectric  Company  is  operating  at 
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Madison,  Wisconsin,  a  700- horse-power  gas-engine  station, 
supplying  power  to  the  ciiy  railway  system.  The  station  is 
unique,  in  that  fuel  gas  is  furnished  from  the  holden  of  an 
illtiRitnating  gas  works  oper.itcd  in  conjunction  with  the  electric 
plant.  A  tooo-hursc-power  sicatn  station  also  furnishes  power 
for  lighting  and  pan  of  (he  railway  system.  Upon  a  basis  of 
aciiiai  cost  of  gas  in  the  holders,  the  gas-engine  plant  deliv- 
ers a  kilowatt-hour  at  the  switchboard  at  a  cost  of  fuel  over 
one-third  less  than  that  required  for  tunning  (he  sieam  plant. 
The  cost  of  coal  is  the  same  for  both  plants :  namely,  ^.00 
per  ion. 

Of    more    than    ordinary    interest    to   ccnir^l-siaiion    engi- 
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neers  is  the  operation  of  allernaiing-cufrent  generators  driven 
by  gas  engines  in  parallel  upon  3  common  'bus-bar.  Until 
very  recent  years,  this  has  been  considered  an  impossibility, 
and,  irt  fact,  at  ihc  present  time  bnt  few  forms  of  gas  engines 
arc  well  adapted  to  do  this  work.  Outside  of  the  unqnestiona- 
blc  success  of  several  types  of  European  engines  in  this 
service,  it  is  of  interest  ihai  a  number  of  American  plants 
are  now  in  operation  and  are  giving  excellent  daily  scr\-ice 
under  these  exacting  conditions. 

The    Union   Switcti   »nd   Signal   Company,  at   Swissvale, 


Pconsflvania,  operates  its  eoiire  factory  by  polyphase  induction 
motors  suppliird  with  ciirrcni  fruni  a  power  station  where  four 
135-horse-power  direct-connected  gas-engine  alternator  units  are 
employed.  The  engines  run  on  nattiral-gas  fuel,  and  the  varia* 
lions  in  generating  capacity  to  accommodate  changes  in  mmor 
load  arc  secured  by  shifting  loads  between  the  several  units, 
as  in  the  case  of  alternating-current  generators  driven  by  steam 
engines.       The  gas-engine   units  ar«  paralleled,  operated   and 
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shut  down  In  precisely  the  same  manner  as  in  steam-engine 
practice. 

Similar  equipments  furnish  power  to  the  works  of  the  R.  D. 
Kuitall  Company,  the  Westinghouse  Machine  Company  and 
Westinghouse  Electric  and  Manufacturing  Company,  of  Pitts- 
burg, the  latter  being  a  direct-current  system.  All  manner  of 
machine  tools,  shafting,  cranes,  elevators,  as  well  as  other 
appliances,  are  motor  driven  from  the  gas-engine  plunt,  which 
furnishes  current  for  lighting  as  well. 

The  Winchester  Repeating;  Arms  Company,  of  New  Haven, 
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Conneciicut,  also  employs  electric  power  throughout  its  works. 
Direct-current  machinery  i»,  however,  used.  A  produccf-gas 
generating  outfit  was  insulted  a  few  years  ago  for  manufac- 
turing purpos«s  only,  this  heing  used  in  annealing  ovens, 
forges,  etc.  One  or  two  gas  engines  were  installed  on  trial, 
others  being  iiddcd  Uicr,  until  the  etiiirc  stcjim  plant  fortnerly 
in  use  was  displaced  by  the  gas-cng:inc  plant,  with  a  laiTgc 
saving  in  fuel  expense.  Pan  of  this  saving  was,  of  course, 
due   to   the   increased   efficiency   uf  the  electric  transmission 
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system,  but  mostly  lo  the  higher  c-comimy  of  the  gas  solves. 
as  was  apparent  from  the  small  increase  in  gas  generation 
observed  after  the  gas-engine  plant  had  been  put  into  service. 
A  looo' horse- power  alternating-current  pa  rat  lei -ope  rated 
plant  is  just  being  placed  in  opcralion  at  Philadelphia  by  the 
Atlantic  Refining  Company.  The  engines  arc  of  the  double- 
crank,  double-acting,  landem-cyllnder  type  and  uiiiite  by- 
product oil  gas  (or  fuel.  The  equipment  furnishes  light  and 
power  to  ihe  refinery  at  Point  Breeze. 


^V  At   San    Luis   Potosi,   Mexico,    two   >oo-horsc-power  hori- 

^^      zontal,  double-acting  gas-engine  units  arc  in  opcralion  upon 
H  producer  gas,  the   plant   furnishing   electric  light  and   power 

|]  to   the  city.     These  units  ar«  similarly  arranged   (or   parallel 

operation  with  polyphase  engine-type  generators. 

In  South  America,  u  ii umber  of  producer-gas  stations 
have  just  reached  completion,  the  largest  of  which  aggre- 
gates 1150- horse- power  and  operates  the  shops  and  yards  of 
the  Buenos  Ayrcs  Street  Kailway  Company.     The   generating 
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equipment  is  all  of  the  polyphase  engine  type,  furnishing 
»rc  and  incandescent  lights  and  motive  power  to  the  disirih- 
uling  system.  A  bituminous  producer  plant  installed  solely 
for  this  purpose  supplies  the  gas  cni>ines  with  fuel  gas. 

These  few  instances  will  suffice  to  indicate  in  some  man- 
ner the  progress  that  is  being  made  in  this  intciesiing  field 
of  power  application  ;  and  it  would  seem  evident  that  if  the 
inlernal-combusti'jn  engine  ha;:  %hown  itself  suitable  for  the 
MTvice    demanded    from    Urge    industrial    works    with    their 
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excessively  fluctuating  loads,  it  should  prove  even  better  suited 
to  the  fulfillment  of  the  more  favorable  conditions  met  with  in 
central-station  work.  The  experience  already  gained  in  this 
direction  at  least  indicates  that  the  difficulties  formerly  consid- 
ered unsurmountable  have  now  been  fairly  overcome,  and  that 
the  gas  engine  may  be  no  longer  dismissed  from  commercial 
consideration. 

The  President  :  We  have  three  or  four  papers  on  kindred 
subjects  this  morning,  and  with  your  permission  I  am  going 
to  ask  the  gentlemen  who  are  to  take  part  in  the  discussion 
of  these  papers  to  wait  until  they  have  all  been  read  and  we 
will  then  have  a  general  discussion  of  all  of  them  at  the 
same  time.  Pursuing  that  policy,  we  will  have  the  paper  on 
"Economy  Test  of  a  5500-Horse-Power,  Three-Cylinder,  Com- 
pound Engine  and  Generator,"  by  Messrs.  J.  D.  Andrew  and 
W.  F.  Wells,  of  New  York. 


The  following  pai>er  was  read  by  Mr.  Andrew: 

ECONOMY    TEST  OF  A   5500-HORSE-POWER, 

THREE-CYLINDER.  COMPOUND  ENGINE 

AND  GENERATOR 


The  engine  who«c  economy  is  dealt  with  in  this  paper  is 
located  in  the  VVater&idc  station  of  the  New  York  Edison  com- 
pany. Tliirty-cighth  and  Thirty-ninih  streets  and  East  River, 
Xew  York  city.  It  is  one  of  the  ii  engines  built  by  the  Wcst- 
inghouse  Machine  Company  for  the  Kcw  York  Edison  cominany. 
with  A  steam  comuinption  guaranteed  not  to  exceed  twelve  and 
a  half  pounds  of  drj'  sicain  per  indicated  horsc-powcr  per  hour, 
when  the  engine  is  developing  between  4900  and  5500  horse- 
power with  175  pounds  stenin  pres.iurc  at  the  throttle.  27-inch 
vacuum  at  the  low-pressure  cylinder  and  turning  75  r.p.m. 

The  engine  is  of  the  three- cylinder,  coiniiound.  vertical, 
double-acting  type,  with  the  high-pressure  cylinder  located  be- 
tween ihc  two  low-pressures.  One  low-pressure  leads  the  high- 
pressure  by  133  degrees,  tlie  other  low-pressure  following  the 
high-pressure  at  101  degrees,  thus  making  the  two  low-pressures 
126  degrees  apart.  The  high-pressure  cylinder  is  fitted  with 
(our-bcat  poppet  valves,  the  head-end  valves  being  in  the  head 
it*elf,  the  crank-end  valve*,  being  in  a  \Tilve  cliamber  caM  on 
the  side  of  the  lower  head :  wliich  arrangement  accounts  for  the 
dilTerence  in  clearance  given  later.  The  steam  valves  are  opened 
by  releasing  gear  similar  to  that  used  in  Corliss  praaice,  the 
closiug  of  the  valves  being  accomplished  with  a  multiple-leaf 
wagon  spring,  the  action  of  which  is  cuntrolled  by  an  air  cusliion. 
The  exhaust  valves  are  opened  by  reciprocating  cams  and  ckued 
by  multiple-leaf  wagon  springs,  which  compel  them  to  follow 
back  down  the  cam  as  it  recedes,  the  curvature  of  tlie  cam  being 
such  as  to  allow  them  to  scat  without  shock.  The  low-pressure 
cylimlers  are  fitted  with  double-|>oned  Corliss  valves  in  the 
heads.  The  steam  valves  are  closed  by  vacuum  dash-pots,  tlie 
exhaust  valves  by  j)ositive  motion.  Tlw  steam  and  exhaust  valves 
on  all  cylinders  arc  operated  by  separate  eccentrics.  The  low- 
pressure  cylinders  are  provider!  with  steam  jackets,  and  the  re- 
ceiver between  the  high  and  low-pressure  cylinders  with  a  re- 
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iK-ater.  This  receiver  is  54  Inches  in  iliamctcr  by  21  feet  10 
imlifs  long.  The  sli-am  enters  frum  the  high-jiresaiire  L-ylimier 
through  a  16-inch  pipe  at  the  centre  into  a  space  34  Inches  long; 
here  it  <Iivi<Ies.  passing  in  either  dirertion  tlirni:gli  ;i  nest  of  re- 
heater  tube*  liaving  a  total  area  of  1130  square  feci  of  iron  heat- 
ing surface,  then  through  two  24-inch  pii>et  to  ihe  low-pre«8Hre 
eylintlers.  Each  low-pressure  cylinder  has  a  26-incIi  exhaust  pipe 
leading  to  a  surface  condenser  of  9200  square  feet  of  tubular 
surface  furnished  by  Ihree-quarier-lnch  outside  diameter,  18- 
gauge  brass  tubes. 

The  auxiliaries  consist  of  a  32-inch  horizontal,  double- 
acting  air  pump,  a  32-inch  horizontal,  double-acting  circulating 
ptimp  tandem  to  the  air  pump,  both  driven  by  a  16-inch  hori- 
lontal,  double-acting  steam  cylinder,  the  common  stroke  being 
24  inches.  The  steam  cylinder  is  fitted  with  a  Corliss  fixed  cut- 
off valve  gear  and  a  throttling  governor;  separate  eccentrics  are 
used  for  driving  the  steam  and  exhaust  valves.  The  steam  used 
by  the  auxiliarie*  was  not  charged  against  ihe  engine  in  the  tests 
reported  in  this  paper. 

The  dimensions  uf  the  engine  measured  hot  were  as  follo«*s; 

Hish-piTMUre  cylinder,  ilumeier  .13.98  inctiet;  rod,  diameter  nine  In- 
ches; ilroke.  >iv«  Iret. 

Two  Inw.proiurc  tyllnder*.  «kch  diBmvier  75. &$  Inclic*:  lod,  iliain«lct 
nine  tnctie*;  ilroke,  5  fed. 

CUHI'IrniD    VOLUHKTNIC  CUMRMfCM 

Illgli-prcHure  cyMmlcr    head  end.  J.JS  V"  Cent;  crank  (nd,  IS.IO  pn 

Average.  to,.|lf  pet  ccnl, 

Low.pteisurr  tylindera  be«d  end,  4.ai  per  c«nii  crank  end.  4.3J  p«r 

Arcrage,  4.21J  per  cenl. 


cent. 


cent. 


The  ratio  of  the  coinbinc<I  volume  of  the  two  low-pressure 
r>'Unders  to  the  high-pressure  cylinder  is  six  to  one. 

The  engine  Is  direct -cmmerted  to  a  three-phase,  40-polc.  25- 
cycle  General  Electric  generator  of  Uie  revolving-field  type  with 
a  normal  rating  of  3500  kilowatts,  or  307  amperes  per  phase  at 
6600  volt!'.  This  generator  has  311  overload  rating  of  400  am* 
|>ercs  per  phase  for  three  hours. 

Tlie  primary  object  of  the  test  being  to  confirm  the  engine 
builder's  guarantee.  J.  M.  Whitham,  member  of  tlic  ./Vmerican 
Society  of  Mechanical  Engineers,  was  chosen  as  referee,  ami  all 
engine  testing  was  done  under  his  supervision,  and  according  to 
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the  code  of  the  American  Society  of  Mechanical  Engineers. 
All  tlie  instruiiients  were  calibrated  before  and  after  the  test 
and  as  nearly  as  possible  under  test  conditions.  All  readings 
were  taken  at  ibrcc-niinuic  intervals  by  two  independent  ob- 
servers. One  indicator  was  used  on  each  end  of  each  cylinder 
and  all  indicator  cards  wcr*-  worked  out  independently  by  each 
party  to  the  test  and  then  verified.  Tlic  qualhy  of  the  tteani 
was  detcnnined  by  throttling  caloritneter  at  the  throttle  and  at 
the  entrance  to  the  low-pressure  cylinders  and  by  separating 
calorimeter  at  the  high-pressure  exhaust.  Tlie  steam  consump- 
tion was  determined  by  weighing  the  water  of  coiwleRsatton 
from  the  surface  condenser,  which  was  repeatedly  tested  and 
found  tight.  11te  weighing  was  done  in  two  tanks  mounted  on 
platfonn  scales,  each  handling  between  3000  and  4000  pounds  \kt 
charge.  The  cou<Ii.-n*ation  from  the  receiver,  the  reheater  and 
the  jackets,  was  weighed  with  separate  tanks  and  scales.  The 
vacnnnt  was  rnea-wred  by  two  mercury  columns,  one  at  tlie  outlet 
of  each  low-pressure  cylinder. 

During  (he  icsls,  ihe  generator  was  run  in  multifde  with 
two  or  three  other  generators  of  the  same  type  and  capacity  in 
regular  service,  snpplying  the  Edison  low-lensiou  syMent  through 
static  transformers  and  rotary  converters  located  in  tlic  subsu- 
tions.  Tlie  load  on  the  three  phases  was  therefore  practically 
balanced  and  the  power  factor  was  kept  at  unity  by  adjusting 
the  fields  of  the  rotary  converters.  The  load  on  the  generator 
under  lest  was  maintained  practically  constant  by  locking  the 
engine  governor  in  a  fixed  [K).>4itii>u.  and  iheu  varying  the  speet] 
of  the  system  to  compensate  for  the  lluctuations  of  steam  pressure, 
by  manipulating  the  cut-off  of  the  other  engines  working  in 
parallel  with  ihc  engine  tested.  In  this  way  the  variation  in  load 
wa»  kept  within  aUmt  two  per  cent  aliove  or  below  the  average. 
Curves  Nos.  t  and  2  show  the  variation  in  the  various  readings 
for  a  typical  hour. 

Diagram  i  shows  the  cotincctions  of  the  instruments  and  trans* 
formers  used  during  the  lest.  Readings  of  alternating-ciyrcnt 
wattmeter,  anmieter,  voltmeter,  power-facior  indicator  and  fre- 
quency indicator  were  recorded  every  minute;  and  of  the  am- 
meter in  the  field  circuit  and  the  voltmeter  across  the  field  ter- 
minals every  three  minutes,  An  average  was  made  of  the»e  read- 
ings for  each  hour  of  the  tests  and  the  results  arc  shown  on 
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of  the  reading  of  two  Weston  wattmeters,  one  connected  in 
each  of  two  phases  of  the  circuit.  These  Weston  wattmeters 
were  calibrated  against  primary  standards,  using  a  potentiom- 
eter, standard  cell  and  standard  manganin  resistances.  The  Wes- 
ton wattmeters  were  connected  in  the  secondaries  of  independ- 
ent series  and  potential  transformers,  the  ratio  of  which  were 
checked  in  the  Bureau  under  similar  conditions.  The  result  of 
these  checks  indicated  that  any  error  in  the  switchboard  watt- 
meter readings  was  within  one-half  of  one  per  cent,  which,  con- 
sidering the  fluctuations  of  the  load,  was  probably  within  the 


: 

~^ 

1 

"n 

1 

ftd 

\ 

y 

W 

■' 

« 

_j 

tnt 

tw] 

tiUlUft 

1 — ^ — ' 

■*«ti 

1 . 

M 

r® 

^ 

5lJ 

a»^ 

■■ 

/ 

r 

^ 

^^'^ 

/ 

WV^ 

^a^iSNer^; 

^ 

W 

/ 

,—             —  ^wm 

1      1      ; 
1      1 

T 

M 

■■ 

\ 

kl 

J 

\ 

c 

1* 

t 

\ 

^ 

^ 

1 

sjar 

Ea. 

3Ea 

^'"r-ft-^. 



^ 

VD 

fJi 

f 

K 

JO 

■a 

DC 

IS 

4a 

K 

ii» 

u 

oo 

4C 

w 

W 

oa 

tt 

»o 

'4 

pDO 

31 

CrRVF.  No.  3 


errors  of  observation,  and  the  instrument  was  considered  as  cor- 
rect. 

Curve  No.  3  showing  pounds  of  water  per  kw-hour,  pounds 
water  per  i.hp-hour  and  the  commercial  efficiency  of  the  unit  at. 
various  loads,  is  plotted  from  the  data  given  on  data  sheet  No.  i. 
This  curve  shows  that  for  outputs  of  from  2500  kilowatts  to  4500 
kilowatts  the  economy  varies  between  17.12  and  18  pounds  of 
water  per  kw-hour  of  net  output  at  the  generator  terminals.  The 
commercial  efficiency,  or  the  net  electrical  horse-power  divided 
by  indicated  horse-power,  varies  from  94.5  to  952.     This  range 
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covers  all  loads  that  the  macliiiiL'S  are  callcil  upon  to  carry  in 
actual  service. 

The  different  factors  which  make  up  tlie  loss  between  the 
indicated  horse-power  and  the  net  electrical  horse-power  are 
shown  by  curve  No.  4,  plotted  from  the  data  given  in  data  sheet 
No.  2,  For  the  field  and  armature  losses,  measurements  were 
made  of  the  energy  in  the  field  circuit,  amperes  in  the  armature, 
and  resistance  of  the  armature  at  working  temperature.  From 
the  total  loss,  or  difference  between  the  indicated  horse-power 
and  electrical  horse-power,  was  subtracted  the  field  and  armature 
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losses,  the  remainder  being  the  irqn  and  windage  losses  in  the 
generator  and  engine  friction.  The  iron  losses  of  the  generator 
could  not  be  measured  separately,  owing  to  the  difficulty  in 
getting  accurate  cards  from  the  engine  at  such  light  loads.  The 
apparent  inaccuracy  of  the  total  loss  shown  at  a  load  of  867 
kilowatts,  which  also  affects  curve  \o.  3,  is  probably  due  to 
the  extreme  fluctuations  of  the  load  antl  inability  to  make  accu- 
rate readings  of  the  instruments. 

Data  sheet  No.  3  gives  information  concerning  ic  different 
"S 


liotirly  ic^ls,  which  were  |iicke<l  out  as  of  niosl  interest.  Tite  tcM 
referred  to  in  column  No.  i  is  tlic  ciic  in  which  the  best  economy 
was  obtained.  1 1 .93  |M)iindii  i  if  water  per  i.h|»-hour.  16.78  pntmds 
vi  water  per  kw-hour.  221  fJ.  T.  Us.  per  i.hp-ininutc.  309 
n.  T.  L's.  per  kw-minule.  Columns  N'os.  3  and  j  show  the  be- 
havior of  the  eiiKine  carrying  noniiai  load  wilhoin  receiver  re- 
licater  or  low-pressure  jackets  in  service.  Cndcr  these  eimdi- 
tions,  the  steam  eonsuniption  was  12.158  poun<ls  of  water  per 
i.hp-hoMT.  17  10  ]Toiinds  of  water  per  kw-hour.  and  tlic  heat 
coiisutiiplioii  223  tt.  T.  Us.  per  i.hp-iniiiuie  and  313  B.  T.  I's. 
l>er  kw-ttiinule  in  column  No.  2,  I2.t<j6  pounds  of  water  per 
i.h|>liour,  17.17  iKJimd-i  of  water  per  kw-hour,  224  B.  T.  Us. 
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per  i.hp-minutc  and  314  B.  T.  Us.  per  kw-minute  in  column 
No.  3.  Cohitiins  Xos.  4  and  5  show  the  behavior  of  the  engine 
o])eratinB  under  the  same  conditions  as  in  culunins  Nos.  3  and 
3,  willi  ihe  exception  that  the  receiver  rchcatcr  was  in  use.  Tlie 
steani  consumption  was  12.81  pounds  of  water  per  i.hp-hour  and 
17.97  l)oundii  of  water  {kt  kw-hour,  ilic  heat  comuniption  233 
B.  T.  Us.  per  i.hp-minutc,  and  325  N.  T.  Us.  per  kw-minute  in 
coltunn  Xo.  4.  In  column  No.  5.  12.65  |>ounds  of  water  per 
i.hp-liour.  17,81  pounds  of  water  per  kw-hour,  22y  B.  T.  Us.  per 
i.hp-minute,  323  B.  T.  Us.  per  kw-miiiuie.  On  comparing  both 
of  these  with  columns  Xo.  2  and  No.  3  it  will  be  seen  tl1.1t  there 
is  a  decided  disadvantage  in  the  use  of  the  rehcater.  To  further 
demonstrate  this  fact  a  scries  of  tests  with  loads  varying  from 
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^^^^L           1400  to  63CO  horsc-powcr  u-as  run,  both  with  and  without  the 
^^^^H            rchcater;  th«  re:)tilts  urc  »howii   graphically  hy   i}k  curves  on 
^^^^H           ciijTc  sheet  No.  5,     Column   No.  6  pivcs  the  economy  for  tbc 
^^^^H           heaviest   load   contMlions   un<Ier   which   the   engine   »-as   tested, 
^^^^H           namely.  6326  indicatect  hor&c-powcr.     11ie   water  constiniption 
^^^^H           was  1344  pounds  per  j.hp-huur,  I7.5^>  [wunilN  per  kw-Itour  and 
^^^^H           the  heat  consumption  229  li.  T.   L's.  per  i.hp-minuic  and  322 
^^^^1           B.  T.  Vs.  per  kw-niitiute.    Column  Xo.  7  deal»  with  iIh-  lighir.M 
^^^^H           load   conditions   under  which   the   cn^ipnc   was   tested,  or    1428 
^^^^H           horse-power,   the   water   consumption   in   llus  case  being    15^ 
^^^^B           pounds  per  i.hp-hour.  26.13  pounds  per  kw-hour  and  tlie  heat 
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^^^^H           tcw-minuie.    A  further  reference  to  nin-e  slicvt  No.  5  will  show 
^^^^1           the  almost  ahsohite  uniformity  of  uconomy   for  a  considerable 
^^^^1          rar^  on  either  side  of  the  normal  rating.     Colunui   No.  8 
^^^^B          shows   restdts  of  a   test   mode   with    the   low-ptvssure   jackets 
^^^^H           in  use  an<l  without  the  rchcater.     The  water  consumption  here 
^^^^M           was    13.59   pounds   per   i.h]>'liour,   tlie   heal    contumplion    .738 
^^^^H            R,  T.  Us.  per  i.lip-minmc.  showing  that  the  jackets.  like  the  re- 
^^^^B           heater,  arc  a  disadvantage  on  thi.4  type  of  engine.    Tlie  disadvan- 

tage  due  to  jackets,  however,  was  probably  increased  through  leak- 
age into  the  lower  end  of  the  cylinder,  which  also  accounts  for  the 
small  amount  of  jacket  condensation.  Column  No.  9  shows  the 
results  of  a  test  with  both  jackets  and  reheater  in  use,  and,  as 
will  be  seen,  is  even  worse  than  column  No.  8.  Column  No.  10 
deals  with  a  friction  test.  In  making  this  test  the  engine  was 
kept  at  normal  speed  and  compelled  to  operate  all  of  the  inlet 
valves  by  slightly  throttling  the  steam  supply;  this  accounts  for 
the  somewhat  lower  pressures  shown,  otherwise  the  conditions 


KC.miBSriat£i.      aiu.      -cotu.     fsibs.      xiibs.      351.B1     urn. 

Curve  No.  6 


were  the  same  as  in  actual  service.  This  friction  load  of  118.6 
horse-power  or  2.25  per  cent  of  the  normal  load  for  the  engine 
appears  to  be  rather  low,  but  as  we  can  see  no  error  in  our 
method  of  making  this  test  and  as  the  combined  engine  and  gen- 
erator efficiency  adds  further  proof  of  its  correctness,  we  know 
of  no  reason  why  it  should  not  be  accepted.  The  increased  fric- 
tional  load  due  to  increased  load  on  the  engine  can  be  noted  on 
curve  sheet  No.  4. 

Curve  sheet  No.  6  is  for  the  purpose  of  comparing  the 
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RlmflAphgnr  Line. 


Hiqh  Priisvrt  Cyiindtr 


N?l  Low  Pressure  Cylindtr 


N??  Low  Preaswre  C'ylincler 
Curve  No.  7 


H.P 
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2  LP 
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effect  of  varying  vacuum  and  varying  receiver  pressure  or  dis- 
tribution of  loa<1  upon  economy  both  in  water  consumption 
and  heat  consumption.  The  data  from  which  these  curves  are 
derived  will  be  found  on  data  sheet  Xo.  4.  An  examination  of 
the  curves  will  show  tliat  increasing  the  vacuum  from  25,3 
inches  to  z'j.},  inches  decreased  the  water  consumption  only  .06 
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pound  and  the  heat  consumption  2.6  li,  T.  Us.,  whereas  increas- 
ing the  receiver  pressure  from  21  pounds  to  36.8  pounds  01 
changing  the  distribution  of  load  from  about  two-fifths  on  the 
liigh-prt'ssurc  cylinder  and  three-fifths  on  the  two  low-pressure 
cylinders  to  about  equal  load  on  all  three  cylinders,  decreases 
the  water  consumption  .25  iH>und  and  the  heat  consumption  2.6 
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B.  T.  Us.  The  heat  consumption  estimates  are  t»ased  on  the 
assumption  that  all  water  is  returned  to  the  bolters  at  the  tem- 
perature of  the  steam  from  which  it  is  condensed.  Curve  sheet 
No.  7  shows  the  reproduction  of  a  set  of  indicator  diagrams 
taken  during  the  test  of  February  4th,  as  described  in  column 
No.  1  on  data  sheet  No.  3.    Curve  sheet  No.  8  shows  these  dia- 
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grams  combined.  Curve  sheet  No.  9  shows  the  temperature  en- 
tropy diagram,  and  data  slicet  No.  5  gives  further  engine  data 
and  the  entropy  account.  The  authors  desire  to  acknowledge  their 
indebtedness  to  Mr.  G.  A.  Orrok  in  the  working  out  of  the  en- 
tropy diagram. 
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DATA  SHEET  No.  5 

Engine  No,  8,  Watebside  Station,  New  Yobk  Electric  Cohpaw 
Date  of  Test,  February  4,   1904 


Condition  of  Steam,  ^.3S%  ^H 
Feed  Water  per  i.hp  per  hour,  lt.Q3 

Revolutions  per  minute,  76.3  ;  per  pound  Feed  Water, 


.07 


High  Prcuure 


60.00   " 


.313 'lis. 


CVLINDEIIS 

Diameter 

Stroke 

PetceDtage  of  clearance,  averaRe      10.415 

Mean  efleclive  pressure eg. 8  lbs. 

Indicaied  horse-power 12085. 

PisiondisplacementpeTib.offeed        7.4  cu.  fl. 
Cushion  steam  per  lb.  of  feed  by' 

weight 

Entropy   Accoikt 
Work  theoretically  available  per 

ib.  of  feed 

Work  actually  developed  per  Ib. 

of  feed,  by  indicator 

Work  actually  developed  per  Ib.l 

of  feed,  entropy  diagram 60,000 ((.lbs. 

Loss  from  wire  drawing 310 

"       "      initial  condensation.      25.700 
"     condensation   during! 

expaniion 

Gain  from  re-evaporation  during! 

expansion ' — 13.600    " 

l.'iss  from  incompleleexpansionl  220    " 

"     clearance |      2. 110   " 

"        "     back  pressure |  270    " 

Receiver  losses \        

Algebraicsumoflossesandgains         


Low  Prenure 


Tolili 


75-65  in.         I 
60,00   "  I 


16.34  lbs. 

3370- 

4.71  cu,  fl. 

.067  lbs. 


545S- 


114,500  ft.  lbs. 

3,ooo  " 

30,400  ■■ 

aao  " 

—8,690  ■' 

29,100  " 
8,240 

450  •■ 


356,000  ft.lhB. 
165,700      " 

"74.50"      " 

3.310      '■ 

56,100      ■" 

aao     " 

—M.aqo      " 

s9.3»o  " 

io,3so  ■■ 

7ao  " 

3.a70  " 

255.500  h-lbs. 


The  President:  Gentlemen,  with  your  permission  I  am 
going  to  change  the  order  of  programme  just  a  trifle  and  pass 
the  paper  on  mechanical  stokers  for  the  next  half  hour  and 
take  up  the  report  of  the  committee  on  investigation  of  the 
steam  turbine,  Mr.  \V.  C.  I-.  Hglin.  of  Philadelphia,  being  the 
chairman  of  the  committee. 


Mr.  Eglin  prtsciJtetl  the  report   of  tlic  committee. 

REPORT    OF    THE     COMMITTEE     FOR     THE 

INVESTIGATION    OF    THE    STEAM 

TURBINE 


ir,  Presidct\t  and  GenlUmen  of  the  Natiotuil  BUclric  Light 
AttoaaltoH  : 

Your  committee  during  the  past  year  lias  endeavored  to 
collect  data  covering  the  various  details  concerning  steatii  tur- 
bines. It  has  also  communicated  with  the  users  of  steam  tur- 
Wncs  and  investigated  the  work  of  the  variuus  manufacturers 
of  commercial  turbines.  I'hc  ra]>id  development  of  the  steam 
turbine  and  the  demand  upon  the  manufacturers  have  been  sn 
great  »s  to  interfere  with  olnaining  results  on  the  various  Sizes 
and  makes  of  turbines. 

The  committee  has  divided  the  report  into  various  sections. 
Starling  witli  :i  t)rief  lii-Hiory  of  the  art,  the  makers*  descrifi- 
tions  of  the  various  machines,  the  nianufacturins  plants,  effi- 
ciency tests,  and  the  opinions  of  users;  finally,  the  general  con- 
clusions drawn  from  its  tnvcsii);atioiis,  which  arc  submitted 
for  your  consideration. 

HISTORY 

The  steam  turbine,  like  many  other  inventions,  dates  back 
before  the  Cliristian  era.  starling  with  the  Hero  engine.  Most 
of  the  important  physicists  of  this  age  in  iherniudynamics  h^ive 
,  devoted  some  lime  and  aiiention  to  this  subject.  James  Watt, 
so  commonly  reputed  the  inventor  of  the  steam  engine,  also 
invented  a  rotary  engine  of  the  turbine  ty|ic. 

A  turbine  is  a  machine  in  which  rotary  motion  is  obtained 
by  the  gjadual  change  of  momentum  of  a  fluid.  The  velocity 
of  steam  when  expanded  from  the  usual  pressures  used  by 
reciprocating  engines  is  so  very  peat  that  most  of  the  investi- 
gators of  the  subject  of  steam  turbines  conchided  that  an  effi- 
cient machine  could  not  be  built  except  when  operated  at  a 
speed  that,  in  tlieir  judfiuient.  was   prohibitive. 

Water  turbine*  have  been  used  extensively  for  many  years, 
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these  macliinex  having  a  higli  dficieac)'  and  ^ving  satis  factury 
comnicrcial  results.  Tlic  problem  of  designing  a  water  lur- 
l>ine  is  vt-ry  mnch  simplilied.  as  ihe  velocity  of  Ihe  walw,  even 
at  the  greatest  lieads  lliat  have  been  used,  is  very  ttiueh  less 
ihan  the  velocity  of  steam  when  exjiandcd  from  135  pounds 
tu  altiiospheric  pressure. 

About  twenty  years  ago  the  Hon.  Charles  Algernon  Par- 
sons, of  England,  and  Carl  De  Laval,  of  Sweden,  devoted  their 
attention  to  the  investigation  of  steam  turbines,  and  each  of 
lliein  has  ilevelopcd  suaessfid  designs.  Tlie  early  work  of 
these  investigators  was  confined  to  small-sizeil  machines,  for 
two  reasons:  First,  ihey  were  unable  to  lind  means  of  utiliz- 
ing power  from  this  machine  wbcn  oi>erating  at  high  speeds, 
as  at  that  time  the  design  uf  the  generator  had  not  progressed 
so  far  lliat  such  generators  could  be  built ;  and  second,  there 
was  litttc  commercial  use  to  which  ibc  larger  size  of  ttirtnnes 
could  be  put. 

The  first  Dc  Lav.il  macliinc  was  utilized  for  ibe  well-known 
De  Laval  iTeani  se|i;iralor,  aiwl  Parsons'  early  turbines  were  uscti 
to  drive  small  dynamos,  Parsons  also  experimented  largely 
with  turbine*  for  marine  purixiscs,  designing  a  special  pro- 
iwllcr  suiLiblc  for  the  high  speeds  of  the  turbine.  Through  the 
cflTorls  of  Parsons  and  Dc  Laval  and  the  very  excellent  pioneer 
work  done  by  tliem,  the  attention  of  the  engineering  world  ha* 
been  forced  to  the  new  aspirants  for  first  honors  in  the  ficUl  of 
])rime  movers.  In  Ihc  United  States  Mr.  C.  G.  Curtis,  of  New 
York,  began  experimental  investigation  on  the  subject  of  steam 
turbines  about  ten  years  ago.  He  later  associateil  himself  with 
the  General  F.leclric  Company,  and  with  the  very  large  facili- 
ties at  tbc  command  of  the  engineers  of  this  company  a  great 
deal  of  important  new  work  has  been  done.  To  Mr.  C  G. 
Curtis  and  Mr.  W.  L.  R.  nmnict  is  due  the  credit  for  most 
of  Ihc  advance  work  that  has  been  made  on  the  turbine  in  the 
LViled  Slates. 

Tlic  high  speed  of  the  turbine  shaft  did  not  adapt  itself 
to  the  general  classes  of  work,  so  its  field  %vas  comparatively 
limited  as  a  prime  mover,  and  the  difficulties  of  gearing  down 
to  operate  relatively  slow-moving  machines,  which  it  wa* 
intended  to  drive,  made  tt  cumbersome  and  expensive.  With 
the  introduction  of  individual   drives  of  machines  and  tool* 


from  electric  generators  aiu)  ttiolors  ilie  lield  uf  the  turbine  wa» 
widened  practically  to  that  oi  first  importance.  Dc  Laval 
geared  down  iiis  turbine  wheel  in  the  ratio  uf  lo  to  i,  so  tlat 
lllc  driven  shaft  was  wilhiii  the  hmits  of  speed  of  tlic  stand- 
ard conuiicrcial  generators. 


DE  L.\VAI,  TL*RDIKE 

In  the  De  L^val  type  a(  lurbtne  the  steam  is  expanded  by 
means  of  a  nozzle  so  as  lo  obtain  the  maximum  velocity  tliat 
the  jireiiSurc  is  capable  of  transmitting  tu  the  steam,  utiliz- 
ing this  velocity  by  impinging  the  steam  against  buckets 
arranged  on  the  periphery  of  a  wheel.  The  steam  may  be  sub- 
divided and  expanded  through  a  number  of  nozzles  arranged 
at  various  points  on  lite  jwriphery  of  the  wheel.  On  account 
of  the  eiionnou»ly  higli  velocity  of  the  steam,  it  is  necessary 
that  this  wheel  slunild  revolve  at  a  high  speed;  the  more  nearly 
it  approaches  the  velocity  of  the  steam,  the  greater  the  efli- 
dency,  the  economical  speed  of  buckets  being  half  the  veloc- 
ity of  the  steam.  These  high  velocities  present  three  diffi- 
culties: first,  mechanical  ditlkulty  of  building  a  wheel  to  with- 
stand stresses  set  up  by  this  high  velocity;  second,  the  balanc- 
ing of  the  wheel  so  as  to  rotate  in  hearings  without  vihratii»i: 
third,  arranging  the  machine  so  that  the  speed  of  the  shaft  can 
be  reduced  in  order  lo  adapt  itself  to  the  operalioii  of  the 
commercial  generators. 

Dc  L:iva1  has  carefully  worked  out  the  proportion  of  this 
wheel  9o  as  to  withstand  the  stresses,  and  has  overcome  the 
difficulty  due  to  vibration  hy  means  of  a  flexible  steel  shaft. 
The  case  of  the  turbine  wheel  is  made  of  cast  steel,  and  the 
wheel  is  recessed  near  the  rim  so  thai  in  the  event  of  the  wheel 
exceeding  the  speed  limit  I-y  too  per  cent  it  will  break  in  small 
sections  and  the  broken  parts  will  lie  kept  within  the  case, 
and  therefore  will  not  damage  surrounding  property.  Safely 
devices  are  also  attached  lo  the  governor,  to  pre^-ent  the  machine 
"ninniiig  away."  The  flexibility  of  llie  shaft  necessitates  that 
it  he  small  in  diameter,  thus  limiting  the  size  of  this  t>'pc  ol 
lurhine.  These  turbines  are  being  very  successfully  built  from 
designs  of  the  European  De  Laval  Company  with  some  impor- 
tant modifications  lo  suit  American  demands.  We  believe  the 
madiinc  to  be  efficient  and  commercially  succcssfuL 


J40 

Thi?  company  has  paid  special  attention  to  turbine  pumps 
<Irive»  ilirecl  by  llie  »lean)  turbines.  Curves  from  tests  made 
l)y  Denton  anti  Kent,  showing  the  performance  of  these  punip*. 
are  allachcd, 

The  maniitacturcr's  description  is  as  follows: 
Tlic  grncral  construction  of  ihc  Dc  l^val  steam  turbine 
wilt  be  clearly  underMoud  front  the  sectional  plan  (Figure  z). 
and  the  half-tone  iihowing  the  different  parts  (Figure  3). 
The  construction  of  the  turbine,  it  will  be  seen,  presents  no 
extraordinary    depariiire    from    everyday    enginecritig    practice. 


^^   w^    ^  a* 


Pic.  3— WoBKi^iO  PAirt  OP  THE  Dr  Laval  Steam  Ti'itmsE 

However,  the  workmanship  and  material  used,  owing  to  the 
high  speed  cniploye<l.  iTin*t  be  of  the  vtr>  highest  (jualiiy. 

Referring  to  Figure  3.  ii  is  ihc  turbine  wheel  mounte<l 
upon  tile  slender  flexible  shaft  A,  and  in  such  position  relative 
to  the  wheel  case  as  to  revolve  entirely,  free,  liberal  space  being 
allowed  on  each  side,  as  shown.  The  wheel  case  and  the 
wheel-case  cover  are  so  shaped  as  to  form  "safety  bearings" 
around  the  hub  of  the  wheel,  for  the  purpose  of  catching  ami 
checking  its  s|>eed  in  case  of  an  accident  to  the  sliaft. 
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The  steam  after  passing  'tlirougli  the  governor  valve 
enters  the  steam  chamber,  where  it  is  distributed  to  the  vari- 
ous nozzles.  These,  according  to  the  size  of  machine,  range 
in  number  from  i  to  15,  They  are  generally  fitted  with  shut- 
ting-off  valves  E  (Figure  4),  by  which  one  or  more  nozzles 
can  be  cut  out  when  the  turbine  is  not  loaded  to  its  full  capac- 
ity. This  allows  steam  of  boiler  pressure  to  be  almost  always 
used,  and  adds  to  the  economy  on   light  loads. 

After  passing  through  the  nozzles,  the  steam,  as  else- 
where explained,  is  now  completely  expanded,  and  in  blowing 
through  the  buckets  F  (Figure  4).  its  kinetic  energj-  is  trans- 
ferred to  the  turbine  wheel.     After  performing   its  work  the 
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steam  passes  into  Ihe  chamber  G  (Figure  2),  and  out  through 
the  exhaust  opening. 

The  velocity  of  the  turbine  wheel  and  shaft,  in  most  cases 
too  great  for  practical  utilization  direct,  is  considerably 
reduced  by  means  of  a  pair  of  spiral  gears,  usually  made  10 
to  I.  The  gear  is  mounted  and  inclosed  in  the  gear  case  / 
(Figure  2).  /  is  the  pinion  made  solid  with  the  flexible  shaft 
and  engaging  the  gear  wheel  K.  This  latter  is  forced  upon 
the  shaft  £.,  which  with  couplings,  .1/,  connects  to  the  dynamo 
or  is  extended  for  pulley. 

Bearmgs — The  flexible  shaft  is  supported  in  three  bear- 
ings CFigare  2I.  O  and  /?  are  the  pinion  bearings  and  5"  is 
the  main  shaft  bearing  which  carries  the  greater  part  of  the 
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weight  of  tlic  wheel.  This  Utier  bearing  is  selj-aligning  and 
is  held  lo  its  scat  by  ihe  spring  and  cap  shown.  7"  is  tlic 
flexible  bcarinff.  This  bearing  is  entirely  free  to  oactllalc  with 
ihe  shaft,  and  its  only  purpose  is  to  prevent  escape  of  steam 
when  rnnning  non-eonclenjing,  or  air  from  entering  ihc  wheel 
case  when  the  turbine  is  running  condensing.  All  the  bear- 
ings of  the  HexiWe  shaft,  as  well  as  the  pear  wheel,  arc  lubri- 
cated from  a  central  oil  reservoir,  mounted  upon  the  gear  case; 
all  other  bearings  arc  sclf-oiling.  The  bearings  arc  plain  and 
simple  in  construction,  and  nwde  in  two  halves,  so  as  to  be 
taken  out  easily  and  examined.  They  arc  lined  with  the  best 
quality  of  anti-friction  nielal.  are  reamed  true,  round,  and  to 
exact  size,  and  have  the  outside  surface  ground  to  insure  pcr- 
Icct  fitting  and  alignment.  The  bearings  even  in  ihc  largest 
sizes  are  removed  and  replaced  without  raising  the  shaft  from 
its  seat. 

Gear  IVh^ets — The  gear  wheels  arc  made  oi  solid  cast 
sleel,  or  of  east  iron  with  steel  rims  pressed  on.  The  teeth 
ill  two  rows  are  set  at  an  angle  of  90  degrees  to  each  other. 
This,  while  insuring  smooth  running,  at  the  same  time  checks 
any  tendency  of  the  wheel  and  shaft  to  move  lengthwise, 
thereby  making  a  troublesonjc  thrust  bearing  unnecessary. 
The  gear.i  arc  cut  on  autnniaiie  niadiinea  designed  specially 
for  this  purpose,  and  a  degree  of  accuracy  has  been  attained 
not  heretofore  approached  in  gear-wheel  production.  Owing; 
to  the  high  speed  of  the  gears  and  their  perfect  alignment, 
the  stress  on  the  teeth  is  extremely  suliII,  and  gears  that  have 
been  examined  after  continuous  operation  for  seven  or  eight 
jcars  show  no  appreciable  wear. 

Flexible  Shafts — The  flexible  shaft  is  mainly  supported 
on  each  side  of  the  pinion  by  main  bearings  Q  and  /?;  the 
shaft  is  at  the  same  time  made  very  slender,  which  gives  it  a 
certain  .amount  of  flexibility  and  allows  the  turbine  wheel, 
when  the  so-called  critical  speed  is  reached,  to  revolve  around 
its  tnie  centre  of  gravity.  This  critical  speed,  dependent  upon 
live  flexihiltty  of  the  shaft,  occurs  well  below  the  normal  speed 
of  the  turbine  and  marks  the  disappearance  of  all  virbrations. 

Turbine  fVltee!—T\K  turbine  wheel  is  by  far  the  most 
important  part  of  the  De  Laval  steam  turbine  and  is  in  its 
present  form  the  t^sult  nf  numerous  experiments  both  as  10 
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»liapc  and  material.  It  is  made  oi  forged  nickcl-stcd,  and  will 
withstand  more  than  double  tlie  normal  speed  before  shou'- 
ing  any  signs  of  distress.  In  the  smaller  sizes  the  turbine 
wheels  have  a  hole  through  the  centre  and  are  forced  upon 
a  taper  sleeve  shrunk  on  to  the  shaft.  The  larger  wheels 
are  made  solid,  with  the  sliafl  in  two  pieces  screwed  to  the 
flanges  of  the  wheel.     The  buekeLs  are  drop-forged  and  made 
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Fig.  5— Dr  Laval  G»vkiim»  A.to  Vacduh  Valvs 

with  bulb  shank  fitted  in  »lols  milled  in  the  rim  of  the  wheel. 
By  this  method  the  buckets  can  easily  be  taken  out  and  new 
ones  inserted,  should  occasion  require,  without  damage  to  the 
wheel, 

Cozvmor — With  the  high  speed  employed  in  the  Dc  }^v^\ 
steam  turbine  a  governor  of  small  dimensions,  and  yet  very 
effective,  can  be  used.    The  governor,  shown  in  dcuil  (Figure 
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5),  is  compact  ami  simple  in  eoiistruction.  The  two  weights, 
B,  are  pivoted  on  knife  tdgcs  ,'i,  with  hardened  pins  C  bear- 
ing on  the  spring  seal  D.  f.  is  the  governor  liody,  fitted  in 
the  end  of  tlie  gear-wheel  shaft  K,  and  has  scats  milled  for 
the  knife  edges  A.  It  is  afterwanls  reduced  in  diameter  to 
pass  inside  of  the  weights,  and  is  in  its  outer  end  threaded 
for  the  adjusting  nut  /,  by  means  of  which  the  spring  and 
eventually  the  speed  of  the  turbine  is  adjusted.  When  the 
speed  cxwcds  the  normal,  the  weights,  affected  by  the  centrif- 
ugal force,  5prca<l  apart  and.  pressing  on  the  spring  seat  D, 
push  the  governor  pin  G  forward,  cutting  off  part  of  the 
flnw  of  steam. 

Vacuum  Valve — The  vacuum  valve  is  only  necessary 
wlu-ii  running  condensing,  as  in  this  case  it  has  been  found 
that  the  governor  valve  alone  is  unable  to  hold  the  speed  of 
the  turbine  within  the  desirable  narrow  limit  during  sudden 
and  great  changes  in  the  load.  The  function  of  the  vacuiun 
valve  is  as  toltows; 

The  governor  pin  G  actuates  the  plunger  H  screwed  into 
the  hell  crank  /,.  however,  without  moving  the  plunger  rela- 
tive to  said  crank.  This  is  on  account  of  the  spring  ,1/  being 
*liffer  than  llie  si)riiig  .V,  whose  purpose  is  to  keep  ttic  gov- 
ernor valve  open  and  the  plunger  H  in  contact  with  the 
governor  pin.  When  a  large  jiart  of  the  load  is  sudilenly 
thrown  ofT.  the  governor  opens,  pushing  the  bell  crank  in  the 
direction  of  the  vacuum  valve  T.  This  closes  the  governor 
valve,  which  is  completely  shut  off  when  the  bell  crank  is 
pushed  so  far  forward  that  the  screw  0  barely  touches  the 
vatve  stem  /.  If  this  is  not  sufilicient  to  check  the  speed, 
the  plunger  H  is  pushed  forward  in  the  now  stationarj'  bell 
crank  and  opens  the  vactiura  valve.  This  allows  the  air  to 
rush  into  the  space  P.  where  the  turbine  wheel  revolves, 
effectually  checking  its  speed. 


PARSONS  rURBINK 
Parsons'  design  differs  radically  from  the  De  I.3v»l  in 
that  the  steam  is  expanded  gradually  through  the  machine. 
A  series  of  hnckets  is  attached  to  the  shaft,  These  buokets 
are  free  to  moyc  with  the  shaft  and  between  each  set  is  placed 
a  set   of   fixed   buckets  attached   to   the   shell   of   the  turbine. 


llic  fixed  buckets  act  as  guides  to  direct  the  st«am  at  the 
l)roper  angle  against  ihc  ticxi  set  o(  buckets.  Steam  is 
admitted  at  one  eiid  and  travels  parallel  with  the  shaft,  the 
length  of  the  buckets  increasing  as  the  steani  progresses,  in 
order  to  provide  for  the  increased  volume  of  steam  due  to  the 
expansion,  exiiaufling  at  the  opposite  end  from  the  admis- 
sion. I'his  type  of  turbine  is  known  a»  tti«  parallel-flow 
turbine. 

Parsons  and  others  have  also  experimented  with  types  of 
turbines  known  as  the  radial  flow,  in  which  the  steam  i> 
admitted  near  the  centre  of  the  shaft,  passinf;  through  a  scries 
of  buckets  arranges!  radijillj-.  This  radial-form  turUne  imtaUs 
so  many  mechanical  difficulties  in  its  construction  that  it  has 
never  been  deve1o]>ed  by  Farions  and  others  to  commercial 
success. 

The  end  thrust  of  the  bttckcts  in  the  parallel-flow  type  of 
turbine  is  counter-lwilanced  by  a  series  of  pistons. 

The  steam  leakage  around  the  shafts,  where  it  passes 
through  tJie  casing,  is  pr<.'venled  by  arrangement  of  water 
packing.  On  small  sixes  the  vibration  of  the  shaft  is  taken 
up  by  means  of  a  flexible  bearing,  which  consists  of  three 
sleeves  loosely  fitting  one  within  the  other.  A  small  thrust 
bearing  is  also  used  to  overcome  any  inaccuracies  in  the  baU 
ancing,  as  well  as  for  determining  the  |>o«ition  of  the  shaft 
so  that  ti\Q  bkides  have  an  equal  clearance  in  their  rctatioti 
to  the  fixed  buckets. 

The  manufacturer's  description  is  as  follows: 


TUB  WeSTlNGlIOU&E-PAKSONS  Tl;RIIINB 
All  turbines  operate  upon  tKe  broad  principle  of  the  kinvtic 
energy  of  velocity  of  movini:;  steam  absincteil  by  tlie  vanes  of  a 
rotating  bucket  wheel  placed  in  the  path  of  the  jets.  The 
Parsons  construction,  however,  differs  from  the  various  other 
types  using  steam  as  a  simple  impulse  water-wheel,  in  that 
it  combines  the  action  of  an  impulse  turbine  with  that  of  a 
reaction  turbine,  thus  bearing  a  much  closer  rewmblancc  to 
the  ordinary  hydraulic  reaction  turbine:  fnrthcrmore.  the 
IWsons  type  employs  the  principle  of  multiple  expansion  for 
the  reduction  of  steam  velocities  in  contradistinction  to  a 
single  expansion,  as  in  the  simple  impulse  turbine.    This  may 
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be  perceived  from  Figure  8,  which  shows  the  general  con- 
struction of  a  WcstinRhousc- Parsons  sieain  mrbinc. 

Three  essential  clemems  may  be  observed:  (I)  the  rolor, 
(2)  the  stacor,  and  (3)  the  balancing  pistons. 

The  rolor  consists  of  a  cylinder  of  three  or  more  drums 
of  increasing  diameter,  upon  the  periphery  of  each  of  which 
are  mourned  numerous  rings  of  radial  vanes. 

The  siator  comprises  a  split  casin^f  of  interior  propor- 
tions conforming:  to  those  of  the  rotating  cylinder  .The 
interior  walls  of  the  ca<inp  are  studded  with  rows  of  station- 
ary radial  blades  correj] Minding  to  those  on  the  moving  cylin- 
der but  assembled  with  a  reverse  pitch. 

High-pressure  steam  enters  the  turbine  through  the 
annular  orifice  A,  expanding  to  the  right  ihrmigh  the  several 
stages  to  llic  exhaust  B.  The  rotating  balance  pistons  arc  equal 
in  number  to  the  number  of  drums,  and  each  piston  is  of  such 
diameter  that  the  aviai  thrust  resulting  from  the  impact  of 
the  steitm  upon  the  blades  of  any  drum  is  exactly  balanced 
by  corresponding  pressure  against  the  pistons.  These  press- 
tires  are  at  all  time*  equalized  by  means  of  the  ports  and 
the  pipes,  so  that  the  balancing  of  the  rotating  element  is 
entirely  independent  of  the  absolute  or  relative  pressures  in 
the  various  stages.  The  adjustment  bearing  is  therefore 
entirely  relieved  of  axial  thrustt.  Its  orfly  function  is  to  pre- 
serve the  proper  mechanical  clearances  between  moving  and 
stationary  parts. 

The  balance  pistons  revolve  within  the  casing  with  a  close 
fit  but  without  mechanical  frialon.  Leakage  of  steam  past  the 
piston  is  prevented  by  deep  grooves  in  the  periphery  which 
interpose  so  devious  a  path  for  the  steam  as  to  render  loss 
from  this  source  ()uile  inappreciable. 

In  this  form  of  turbine  the  area  for  the  expansion  of 
steam  is  secured  by  gradually  increasing  the  annular  volume 
between  rotor  and  siator,  which  may  be  regarded  as  single 
annular  noxales.  Starting  from  A.  blades  of  increasing  length 
are  nnploycd  in  ihc  first  drum  until  a  mechanical  limit  is 
reached,  when  the  diameter  is  abruptly  increased  and  a  sec- 
ond progression  begun  with  shorter  blades,  these  again  length- 
ening to  the  end  of  the  second  drum. 

Blades — The  form  of  the  blade  used  is  the  result  of  both 
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theory  and  extensive  experimciiL  They  are  iistially  made  of 
a  special  bronze,  cold  drawn,  of  tensile  strength  averaging 
75,000  lo  8o,D00  pounds  |>cr  square  iiidi,  with  20  to  30  per 
cent  clucigaiion.  This  material  is  drawn  out  into  long  strips 
and  the  blade*  are  then  sawed  off  to  the  pru))er  lengths.  They 
arc  assembled  by  a  calking  process  in  grooves  turned  in  the 
steam  surfaces  u(  rotor  and  siator.  This  method  has  proven 
so  effective  thai  the  force  required  to  pull  out  tlie  blades 
exceeds  the  elastic  limit  of  the  material.  It  also  greatly  facili- 
lalcs  repairs,  should  such  ever  prove  necessary.  In  compari- 
son witli  the  ultimate  strength  of  the  blades,  the  pre&sure 
exerted  upon  them  from  the  impact  of  steam  is  minute,  vary- 
ing from  .055  to  .065  |x)uncl  in  a  400-kw  turbine,  which  is  obvi- 
oiisly  but  a  small  percwitagc  of  llieir  bending  strength.  The 
very  nuiltiplkity  of  blades  employed  in  this  type  therefore 
re»iUs  in  great  inherent  itrcngih  of  construction. 

Clearances — Running  clearances,  both  axial  and  radial,  are 
ample  lo  insure  freedom  of  motion  in  all  direct i<iiis.  Flex- 
ure or  sagging  of  the  shaft  at  the  centre  is  prevented  by 
rigid  quill  construction,  and  the  danger  from  adjacent  rows  of 
blades  coming  in  contact  is  praoiically  im|)0!)sible.  on  account 
of  the  large  clearances  employed,  which  vary  from  .laj  inch 
to  .75  inch,  according  to  the  size  of  the  blades.  These  clear- 
ances are  maintained  by  the  adjustment  blocks. 

Expansion — In  the  turbine  approximately  adiabaiic  expan- 
sion is  realized,  as  no  heat  is  taken  in  or  given  out,  and  the 
temperature  of  the  casing  remains  approximately  equal  to  that 
of  the  steam  in  each  expansion  Mage.  Both  parts  of  the  tur- 
bine arc  therefore  approximately  at  the  same  temperature  as 
that  of  the  steam  passing  through  the  machine,  and  both 
expand  and  contract  as  a  unit,  thus  preserving  the  original 
relation  between  moving  and  stationary  blades.  The  siaior, 
or  casing,  is  anchore<t  to  the  bed  plate  at  the  exhaust  end  by 
heavy  bolts,  while  the  steam  end  rests  upon  a  foot  sliding 
between  machine  ways.  The  entire  body  of  metal  is  thus 
free  to  move  according  to  the  temperature  of  the  steam  used. 

Insfection — In  order  to  facilitate  inspection  of  the  interior, 
the  casing  is  split  along  a  horizontal  plane  passing  through 
the  centre  of  the  shaft,  and  the  upper  half  may  be  then  lifted 
out  by  3   crane,  vertical   guide   rods  preventing  injury   to  the- 
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bla<]«s  during  this  operation,  as  well  as  insuring;  the  accurate 
regiitcrinf;  of  pirts  when  again  assembled,  Each  drum  of 
tlie  casing  is  designed  to  wttlisiand  a  considerably  greater 
pressure  than  would  occur  in  practice,  and  is  tested  under  this 
pressure  at  the  shops,  to  eliminate  defects.  A  relief  valve  at 
the  top  of  the  exhaust  B  prevents  rupture  of  the  casing  in  case 
of  excessive  back  pressure. 

Bearings — Oil-cushioned  bearings  are  employed  on  all 
turbines  running  at  speeds  above  1200  r.p.m.,  in  order  to  pro- 
vide sufficient  flexibility  to  absorb  vibrations  occurring  while 
the  turbine  is  passing  its  critical  speed ;  thai  i.s,  changing  from 
its  geometric  to  its  gra^'ity  axis.  This  construction  consists  of 
a  nest  of  loosely  fitting  meullic  sleeves  surrounding  the  shaft 
at>d  resting  in  a  self-aligning  seat  in  the  pedestal.  OH  circulates 
between  the  sleeves,  and,  by  capillary  action,  fluid  cushions  arc 
formed  which  restrain  vibration  and  at  the  same  time  give  the 
desired  flexibility.  The  shaft  is  therefore  built  as  rigidly  as  is 
necessary  to  prevent  flexure  within  llie  prescribed  limits. 

In  turbines  above  inon-kw  caiiacity,  the  ^peeds  are  so  low 

as  not  to  necessitate  the  flexible  bcariuK.  so  that  a  solid  sclf-align- 

,  ing  hearing  is  used,  split  horizontally  and  adjusted  by  shims. 

The  bearing  surfaces  are  sufficient  to  carry  the  weight  of  the 

^rotor  on  oil  films  without  the  use  of  forced  lubrication.     They 

'  are  supplied  by  a  small  plunger  pump  driven  hy  the  turbine,  which 

circulates  oil  through  a  closed  system,  comprising,  in  the  order 

of  their  arrangement,  pump,  oil  cooler,  bearings,  and  reservoir. 

The  pressure  of  oil  at  the  bearings  never  exceeds  an  equiralent 

static  head  of  one  to  three  feet. 

The  adjustment  liearing  resembles  a  marine-engine  thrust 
'bearing.  It  is  built  in  two  parts,  set  up  in  opposite  directtnns 
by  the  levers  and  set  screws  shown.  By  means  of  graduations 
on  the  hca<is  of  the  lower  set  screws,  the  axial  clearances  in  the 
turbine  may  be  determined  within  hundredths  of  an  inch,  and 
kept  permanent. 

Air-tight  and  steam-tight  p.icking  glands  close  the  shaft 
openings  in  the  casing,  so  as  to  prevent  the  leakage  of  air  into 
the  exhaust  and  thereby  impairing  \hv  vaeuiim  These  glands 
are  sealed  by  minute  streams  of  pure  water,  which  finally  escape 
to  the  coiidcnser. 

No  oil  of  any  nature  is  used  in  the  interior  of  the  turbine. 
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Valves — Two  steam-admission  valves  are  employed ;  a  pri- 
mary or  main  valve  and  a  secon<lary  valve.  Both  arc  of  the 
balanced,  double-beat  poppet  type,  and  are  removable,  together 
\villi  ihcir  bonnets,  through  openings  in  tlic  steam  chest.  The 
primary  valve  is  in  oiwration  on  all  loads,  but  the  secondary 
valve  opens  only  when  a  predetermined  degree  of  overload  is 
reached.  It  then  permits  tlie  entrance  of  steam  to  the  second 
drum  of  the  turbine  in  proportion  to  the  overload,  thus  increas- 
ing the  internal  pressure  and  consequently  the  power.     Each 
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Vl'i.  g— GOVERKOR  FOa  WESTtNGMOVKK-PARROM  TviSIKE 


valve  is  operated  by  a  small  steam  piston  controlled  by  a  relay 
valve,  which  iti  inni  receives  reciprocating  motion  from  an 
eccentric  driven  from  Hie  worm  shown  at  the  end  of  shaft,  wbich 
also  drives  the  governor.  H  igh-pressure  steam  is  tlms  admitted  to 
ihc  turbine  in  .thon  puffs  with  a  constant  frequency  of  alwut 
15c  strokes  per  minute. 

Govfnior — The   function  of  the  governor  is   to  vary   the 
amplitude  of  this  reciprocating  motioi]  as  transniilicd  to  tlie 
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valve,  thus  in  turn  varying  the  period  of  steam  admission  to  tlic 
turbine  in  proportion  to  the  load.  At  full  loads,  the  puflfs  of 
steam  merge  into  nearly  continuoii-i  blast,  while  si  light  lo:ids, 
the  steam  is  admitted  im]y  during  brief  pchoils.  The  ultimate 
objects  of  tliis  method  of  governing  are :  [  I )  to  uiihze  high- 
pressure  ftteam  as  far  as  possible  at  all  loads;  (2)  to  impress 
upon  the  governor  medianitm  a  shglit  uscillatory  motiun  sufit' 
cient  to  prevent  the  sticking  of  parts  due  to  friction,  tlius 
improving  the  regtilations. 

The  governor  is  of  ihc  cctilrifugal  type  with  bell  crank  ball 
levers  swung  on  knife  edges,  and  resisted  by  a  spiral  spring, 
the  pressure  of  which  is  adjusted  by  a  knurled  tension  nut. 
This  governor  spring  is  mounlcd  bciwecn  ball  bearings  sn  that 
it  may  be  brought  to  rest  while  the  turbine  is  running.  By 
increasing  the  spring  tension,  the  speed  of  the  turbine  is 
increased,  ami  7.'ic*'  versiJ.  This  alTords  a  simple  and  i-lTcclive 
means  of  synchronizing  an  aliernating-CTirrent  generator  for 
parallel  operation,  and  for  subsequently  distributing  the  load 
between  two  or  more  alierna ling-current  generators  operating 
in  parallel. 

Speeds — Precautionary  measure*  have  been  adopted  in 
order  to  prevent  the  altainnient  by  the  turbines  of  excessive  or 
de.siriiclivc  speeds.  In  machines  uf  all  siies,  the  pilot  valve  con- 
trolling ihc  main  admission  valve  is  so  designed  that  an  almonnal 
oscillation  in  either  direction  from  mid-position  will  result  in 
permanently  closing  the  admission  valve  so  that  the  turbine  will 
come  to  rest,  as  in  the  case  of  a  serious  and  prolonged  shorl- 
circuit,  or  the  breaking  of  the  governor  mechanism.  In  addi- 
tion, a  safety  stop  is  frequently  eniploved.  e»|>ecially  in  large 
siies,  which  operates  quite  independently  of  the  goverunr  nii'ch- 
Anism.  It  is  usually  mounted  at  the  end  of  the  turbine  shaft 
and  consists  of  a  ceiUrifugal  governor  that  releases  a  trip  valve 
at  any  predclermincd  speed.  This  valw  in  turn  operates, 
through  high-pressure  steam,  an  auxiliary  quick-closing  throttle 
valve  located  in  ibe  main  .Mcain  pipe.  This  safely  slop  may 
also  be  convcnienily  used  in  shutting  down  the  turbine  in  emer- 
gencies, it  being  only  necessary  to  trip  the  vah-c  by  hand. 

The  Parsons  turbine  has  been  developed  in  this  country  by 
llic  Wcstingbouso  Machine  Company,  of  Pittsburg,  who  have 
introduced  a  number  of  improvements  in  its  construction.    These 


the  nozzle  action  more  efficient  anil  pcrfeel  ihan  it  can  be  where 
a  higher  initial  velocity  is  imiwrtcd.  Under  this  arrangement 
the  energy  of  the  moving  »tejun  is  effectively  given  up  to  the 
revolving  part.  The  division  of  pressure  between  the  stages  is 
so  arranged  as  to  ulilizc  the  largest  ixissiblc  proportion  of  the 
energy  of  exjiansion.  The  iwsilion  of  ihc  moving  and  stationary 
buckets  with  relation  (o  the  nnzxie  is  shown  in  the  diagram. 


Pto.  ij— SkCT(i>»  Showing  thk  Aukavckme-nt  ok  Rr.vi>Lvi>o  asd 
SlATll>^AltV  Hi'<;m;i5  in  a  Sia<.k  of  Cvitrii  Tihiunk 


VERTICAL  TYPII 

For  tnrbincii  of  large  capacity  the  General  Electric  Cocn- 
pany  has  a))])lie<l  these  principles  to  the  development  of  a  turbine 
with  a  vertical  shaft,  AH  imposition  of  weight  on  cylindrical 
bearings  and  tendency  to  shaft  reflection  are  avoided,  as  well 
as  all  difficulltes  due  to  irregularity  of  expansion  or  imperfec- 
tion of  sii|>p(irt.  The  result  is  a  liirl>ine  of  the  most  eonipact 
form  and  of  Ihc  greatest  mechanical  simp)tcit>-. 

Step  Bearing — The  step  bearing  at  the  end  of  the  vertical 
shaft  jinpports  the  weight  of  the  revolving  part  and  maintains 
the  revolving  and  stationary  elements  in  exact  relation.     It  con- 
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sicts  of  two  cylindrietll  cast-iron  plates  bcarini;  upon  eadi  other 
and  with  a  central  recess  to  receive  the  luhriaiting  fluid,  whidi 
is  forced  in  by  steam  or  electrically- driven  pumps  with  a  press- 
ure sufficient  to  sustain  the  weight  of  the  revolving  part.  It  is 
apparent  that  the  entire  weight  of  the  machine  i>  tliiis  carried 
on  a  film  of  lubricating  Huid  aiid  Lhat  there  is  no  appreciable 
friction.  When  tlie  How  of  Htjuid  is  interrupted  the  bearing  is 
slowly  worn  away,  but  experience  has  shown  that  interruptions 
ill  the  How  seldom  cause  any  deterioration  that  prevents  the 
co;t:inuancc  of  tlie  machine  in  service  after  the  flow  ts  rcestab- 
iislict!.  The  tendency  of  the  bearing  in  such  cases  is  to  wear 
itself  to  a  new  surface  so  tliat  it  ojwrales  normally, 

Clcuraitccs — In  consequence  of  the  exact  relation  maintained 
between  the  revolving  and  siationary  elements  by  the  Meji  bear- 
ing, it  is  possible  to  operate  the  turbines  with  very  small  clear- 
ances between  the  moving  and  stationary  buckets.  Experience, 
however,  has  shown  that  the  reduction  of  clearance  beyond  a 
certain  point  is  not  benelicial,  and  that  clearances  less  than  those 
that  are  desirable  for  economical  reasons  can  be  u>ed  without 
mechanical  di faculty. 

Light  Loads  and  Overloads — The  Curtis  turbine  is  governed 
b)'  changinR  the  number  of  nozxie  scdinns  in  flow,  and  the  effi- 
ciency of  the  machine  is  therefore  about  the  same  under  one 
condition  of  load  as  under  another,  except  that  friction,  windafice 
and  generator  Idsscs  lend  to  reduce  slightly  the  light-k>ad  effici- 
ency. Consequently,  the  efficiency  of  these  turbines  at  light  load 
is  superior  to  that  of  turbines  of  any  other  type,  and  with  high 
overloads  turbines  of  the  Curtis  lyjw  are  operated  witliout 
by-passing  steam  and  without  loss  of  efficiency.  These  qualities 
give  the  Curtis  turbine  a  much  higher  efficinicy  under  average 
operating  conditions  than  can  be  obtained  from  any  other  type 
of  engine,  assuming  equal  full-load  efliciency.  The  generators 
to  be  operated  with  the  turbines  are  designed  for  large  overloads, 
and  the  units  arc  thus  suited  to  effective  operation  under  a  very 
wide  range  of  conditions. 

Goferitittg — The  speed  of  these  turbines  with  variable  load 
is  controlled  by  the  automatic  opening  and  clo.iing  of  the  orig- 
inal admission-noxzic  sections,  the  number  of  nozzle  sections 
corresponding  to  the  load  being  kept  always  in  flow.  A  centrif- 
ugal governor  attached  to  the  top  of  the  shaft  imparts  motion 
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to  levers  wliidi  in  turn  work  the  valve  niechanisni.  There  is 
a  number  of  valves,  each  commimieaiing  with  a  single  uozzic 
sedton,  or  in  some  cases  two  or  more  nozitic  sections.  These 
valves  arc  connected  to  lonjr  pistons,  by  whicli  llie  valve  can  be 
opened  or  closed  by  steam.  The  motion  of  each  of  these  pistons 
is  conlrollifd  by  a  small  pilot  valve  which  h  worked  by  the  gov- 
ernor mechanism.  The  movement  of  the  governor  mechanism 
moves  the  pilot  valves  successively,  and  the  main  valves  arc 
opened  or  closed  by  the  steam.  The  mcchani&m  is  simple  ami 
durable  in  its  character,  and  imposes  a  very  light  mechanical 
strain  upon  the  centrifugal  governor.  By  »uit.th1e  adjuMmenl. 
almost  any  degree  of  accuracy  in  speed  control  is  obtainable. 

THE  MANUFACTUKE  OF  STEAM   TURBINES 

The  mannfacliire  of  »tenm  turbines  presents  many  problems 
Out  differ  from  those  connected  with  the  manufacture  of  steam 
engines,  each  particular  type  of  turbine  necessitating  a  special 
shop  eciuipment  suitable  for  its  manufaclure,  the  class  of  work 
and  the  problems  differing  so  materially.  On<x  of  the  matters 
of  lirst  imjyirtance  in  the  manufacture  is  perfect  balancing  of 
parts  and  uniform  thickness  of  metal. 

The  various  sliops  of  the  manufacturers  were  visited. 


nC  LAVAL  TURtllNB 

The  shops  of  the  Dc  Laval  Company  are  located  at  Tren- 
ton. This  factory  is  a  new  one,  etpiipped  with  modern  machinery 
an<l  toolit,  and  laid  nut  so  that  each  part  of  the  turbine  is 
separately  made  from  jigs  and  gauges  an<l  retnmcd  to  the  store- 
room  and  assembled  from  -Mock.  .*\  very  comprehensive  syiuin 
nf  inspection  has  been  adopted  by  which  cachpiccc  is  examined 
and  measurements  checked  by  standard  gauges  and  after  approval 
liy  the  inspector  is  turned  into  stock  in  the  storeroom.  Each 
machine  is  tested  at  its  rated  toad. 

All  of  the  material  is  ordered  under  specifications  of  (he 
company  iind  U'Med.  N|)erial  care  being  given  to  the  <inalil\  of 
tbe  material  entering  into  the  manufacture  of  the  machine.  The 
workmanship  on  both  the  turbine  and  the  pumps  is  verj*  high- 
class,  all  of  their  bearings,  shafting  and  gearing  being  ground 
to  fit.     Its  shop  practice  adi-nils  of  very  rapid  lilting  of  orders. 
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as  the  majority,  of  the  parts  of  the  machine  are  held  in  stock, 
the  bed  plates  and  casing  castings  practically  limiting  the  time 
of  completioa  of  any  machine. 

PARSONS  TURBINE 

At  the  Westinghouse  Machine  Company's  works  in  Pitts- 
burg, very  marked  advances  in  the  shop  equipment  and 
improvements  in  the  detail  of  construction  of  the  turbine  have 
been  made  within  the  past  year.  All  of  the  material  entering 
into  the  manufacture  of  the  turbine  is  carefully  tested  before 
being  worked.  The  turbine  has  ample  clearances  so  that  the 
cover  and  shaft  may  be  removed  with  ease.  A  filling  piece 
of  niikl  steel  is  now  used  between  the  buckets,  which  are  also 
caulked  in  position. 

Buckets  are  made  from  hard-drawn  brass,  the  shape  being 
given  to  the  rod  in  drawing,  and  the  rod  is  cut  off  at  the  proper 
length  for  each  size  of  turbine.  After  the  casing  has  been 
rough -machined,  it  is  heated  several  times  with  live  steam  so 
as  to  eliminate  any  local  stresses,  such  that  no  further  distor- 
tion is  likely  to  take  place  after  the  final  machining.  The  joint 
between  the  two  halves  of  the  casing  is  scraped  to  fit  so  that  no 
packing  is  necessary.  After  the  machine  is  assembled  it  is 
tested  at  full  load  and  from  25  to  50  per  cent  overload.  The 
thrust  bearing  is  then  adjusted  and  the  machine  is  ready  for  ship- 
ment. 

All  of  the  work  used  on  the  turbine  is  of  a  very  high  class, 
and  the  machine  as  built  should  give  satisfactory  service  both 
as  to  operation  and  low  cost  of  repairs. 

CURTIS    TURRINE 

This  turbine  is  manufactured  at  the  works  of  the  General 
Electric  Company,  Schenectady,  New  York,  and  L)Tin,  Massa- 
chusetts. Large  shops  have  been  erected  exclusively  for  the 
manufacture  of  turbines.  The  shop  equipment  consists  of  a 
large  number  of  special  machine  tools  designed  to  cut  the 
buckets.  These  buckets  are  made  in  three  styles:  first,  the 
buckets  are  cut  in  the  periphery  of  a  steel  disc ;  second,  the 
buckets  are  cut  in  sections  and  attached  to  a  steel  disc;  and 
third,  the  buckets  are  cast  of  bronze  and  attached  to  the  steel 


disc  Tlie  Krse  class  is  used  \n  (he  small  iixe*;  the  second 
and  third  in  the  larger  sizes  of  turbines.  So  far  as  the  coni- 
|>any  ha$  been  able-  to  <letcriniiie.  there  is  no  difference  in  the 
life  or  efficiency  between  the  cast-bronze  ami  the  steel  buckets. 
There  is  less  machine  work  on  the  bronze  buckets,  but  the 
material  is  more  exixMisive.  and  is  adopted  principally  because 
it  reduces  the  litne  of  mami  faelure.  Kavh  disc  is  machined 
all  over  and  carefully  balanced  before  bcinp  assembled.  Tlie 
noj-zlcs  arc  cast  in  the  case  and  are  usually  finished  by  chipping 
and  filing.  On  account  of  tlic  slower  speeds  of  the  Curtis 
turbine  and  its  vertical  shaft,  the  Rexible  bejiring  is  not  con- 
sidered necessary. 

Governors — A  different  form  of  gowmor  has  been  adopted 
for  each  of  the  three  types  of  turbines.  Tlic  De  I^val  gov- 
enior  is  a  plain  throttle  govemor  driven  from  the  near  shaft. 
(he  weights  being  mounted  on  knife  edges.  The  valve  is  double- 
seated  It  is  held  closed  by  a  spring,  and  the  governor  rod 
is  not  directly  connected  to  the  valve  rod,  Init  the  stub  end 
cmnes  in  contact  with  tJie  valve  lever  ronirolling  the  position 
of  the  ihrotlic  valve.  In  the  event  of  the  turbine  speeding 
Ijcyond  the  predetermined  limit  of  sjjecd.  the  goveninr  o(>ens 
an  air  valve  on  the  e\hati^t  side  in  order  to  act  as  a  brake  on 
the  turbine  wheel  when  running  condensing. 

In  the  Parsons  type  of  governor,  the  governor  shaft  in 
kept  constantly  in  motion  »nd  steam  is  admitted  in  a  scries 
of  puffs,  the  lengths  of  these  puffs  varying  from  very  short 
periods  at  light  load  to  practically  contimious  admisi>ion  o( 
steam  at  overloads.  The  turbine  is  also  provided  with  an 
emergency  valve  of  the  piston  type,  which  trips  and  cuts  off 
steam  in  the  event  of  its  speeding  beyond  safe  limits.  The 
governors  of  the  Parsons  and  Dc  I.aval  type  are  tested  by 
instantaneously  throwing  full  load  off  and  on.  the  governor 
in  both  cases  behaving  admirably.  In  fact,  the  time  involved 
can  not  be  detected  between  the  opening  of  the  switch  and 
the  practical  closing  of  the  steam  valve  on  the  lurbtne.  The 
speed  variations  on  the  Parsons  turbine  did  not  exceed  two 
per  cent,  and  on  the  basis  that  is  customary  in  engine  practice 
of  two  per  cent  above  and  below,  they  were  within  the  limit. 
The  variations  in  speed  of  the  Dc  Ijval  turbine  were  even 
better. 
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The  system  of  governing  on  the  Curtis  turbine  consists 
oi  varying  the  number  o£  nozzles  and  the  length  of  time  that 
(he  itoztle  is  o|ien  on  the  first  stHgtr.  T\k  governor  is  of  tlic 
lly-ball  type,  located  on  lop  of  the  turbine.  A  copper  band 
Attached  to  a  band  wheel  on  the  governor  shaft  operates  a 
drum  on  wdich  are  mounted  a  number  of  scgrnent>  which 
operate  fingers  carrying  contact  points  which  close  an  electro- 
magnetic circuit  operating  a  pilot  valve  which  in  turn  operalM 
the  valve  on  the  no«Ie*.  Tliis  governi)r  is  sensitive  and  will 
control  the  machine  within  two  per  cent.  At  light  load  a 
single  valve  will  admit  steam  to  a  nozzle  at  intervals,  and,  as 
the  load  increases,  ihe  number  of  noai^les  open  will  increase 
in  proportion  to  the  lend;  generally  one  nozzle  will  be  open- 
ing and  closing  constantly.  The  combination  of  electric  steam 
control  of  the  valves  has  been  erilici/ed  an<l  a  mechanical  con- 
trol is  also  furnished.  We  have  a  further  criticism  to  offer 
in  that  the  valves  can  not  l>e  operated  by  hand,  and  there  is 
no  means  of  readily  determining  \vliethcr  a  valve  is  open  or 
closed.  In  Ihe  event' of  one  or  more  valves  sticking  in  the 
open  position,  the  turbine  at  light  loads  would  run  away, 
depending  upon  the  emerpcncy  stop  to  shut  the  machine  down. 
TTie  shutting  liown  of  ihc  machine  would  in  many  case*  be 
very  objectionable  under  these  conditions,  and  this  fealnrc  is 
now  receiving  the  attention  of  the  company.  We  have  been 
informed  by  the  company  th.it  the  valve  i*  now  being  made 
with  the  mechanism  outside  of  the  steam  chest,  in  view  of 
the  attendant,  and  it  may  be  operated  byliand. 

Wearing  of  Buckets — Your  committee  has  endeavored  to 
obtain  information  regarding  the  wearing  of  the  buckets.  It 
is  acknowledged  hy  the  manufacturers  that  the  buckets  do 
wear.  We  have  been,  however,  unable  to  find  any  case  in 
which  tile  wear  of  the  buckets  is  a  serious  matter.  Tt  would 
appear  that  the  excessive  wear  is  due  to  two  causes:  first, 
defective  metal,  and  second,  moisture  in  the  steam.  We  do 
not  believe,  liowever.  that  the  wearing  of  Ihe  buckets  will  be 
a  serious  item  of  maintenance  cost,  and  the  buckets  can  be 
renewed  in  all  of  the  types  of  turbines. 

Superheated  Steam — All  of  the  manufacturers  of  ttirbines 
advocate  the  u.se  of  the  highest  superheat  of  steam,  the  reason 
being    the    apparent    greater   economy   of    the   turbine.     The 


objections  to  usiiip  hifihly  superheated  sic&tn  are  ihc  diffi- 
culties in  operating  supL-rlK-iitcrs  fur  high  Miperlteat  and  the 
a(l<Jiti(>n;il  i;x|>eiisi;  involved  in  the  cost  of  insialhng  aud  oper- 
ating ihc  platii.  It  would  appear  from  our  investigations  that 
titc  gain  in  superheat  m  turbirii-s  is  almost  parallel  with  lliat 
of  a  steam  engine,  and  thai  there  is  a  very  decided  advantage 
in  usint;  superheat  even  as  low  as  60  degrees,  and  from  60 
to  150  degrees  can  usually  be  obtained  without  separate  su|>cr- 
hcatcrs.  This  insures  dry  steam  in  ihc  turbine  and  obviates 
Ihc  cutting  of  the  bucket  dtie  tu  moisture. 

generators — (jcneralors  fi>r  tiirtiinejt  have  been  specially 
designed  both  by  the  Westinghousc  Electric  and  Manufaclurinj; 
Company  an<l  by  (lie  General  Electric  Company.  In  certain 
sixes  of  units  tlie  economical  speed  of  the  turbine  im|>used  con- 
ditions that  were  very  severe  ami  apparently  at  variance  with 
an  efficient  generator,  ty|)e»  oi  generators  designed  for  rccip- 
rocatini;  engines  not  bciiif;  suitable  for  this  pur|)n»e.  The  diffi- 
culties that  had  to  be  overcome  in  the  design  of  a  turbine 
generator  were:  first,  meclianical  sireises  set  up  by  the  high 
speed  of  the  revolving  part;  second,  providing  suit.iblc  space 
for  the  conductors  and  the  insulation  and  preventing  (hctr 
movement  or  rubbing  against  each  other :  third,  the  ventila- 
tion of  the  machine.  The  conditions  changed  so  materially 
with  the  various  sixes  of  units  that  a  number  of  different 
designs  have  been  tried.  The  generator  difficulties  liave 
undoubtedly  interfered  materially  with  the  more  rapid  devel- 
opment of  the  turbine.  The  problem,  apjKirently,  was  simpler 
in  the  design  of  the  alternating-current  generator  than  in  direct- 
gurrent  generators,  as  the  field  could  be  made  the  revolving 
element.  The  principal  diflicwlty  in  the  design  of  direct -cur  rent 
generators  was  the  inherent  structural  weakness  of  the  com- 
mutator when  operating  at  high  speed. 

The  Westinghouse  lileelric  and  Manufacturing  Comjiany 
has  developed  a  revolving-field  t>'i>e  of  alternating-current  gen- 
erator of  unitpte  mechanical  conslmdion.  which  very  satisfac- 
torily fulfills  tlie  requirements  of  Parsons"  turbine.  It  has  alsi) 
developed  a  direct -current  cenerator  for  the  smaller  siies;  the 
commutator  used  being  grcK>ve<l,  in  order  that  a  greater  sur- 
face may  be  obtained  fronj  a  minimum  length  of  bar.  One 
of  these  machines  with  the  grooved  commutator  was  in  opera- 
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ttun  when  your  committee  visited  Piitslnirg;  tliere  was  no 
sparking  of  the  brushes,  the  commutator  was  in  excellent  con- 
dition, and  the  machine  was  apparently  giving  very  f>ati»facu>ry 
results. 

The  General  Electric  Companj-  has  constructed  a  revolving- 
field  type  of  allernalinf^-currenl  gaierator  of  good  mechanical 
construction.  The  generator  problem  of  Cunis  tnrbincs  is 
simplified  on  accotml  of  the  slower  speeds  of  the  turbine.  In 
the  dircct-currcni  gciicralor  the  .same  diRicuIty  is  i)rcsail  in 
the  coninnilalof,  and  a  commutator  has  been  designed  with  an 
insiilxled  wire  binding  around  the  centre  of  the  bars.  It  would 
appear  that  there  is  diffiadty  in  obtaining  direel-current  gen- 
erators except  in  the  smaller  sizes  to  operate  on  lower  voltages 
than  220  volts,  im  acci.niiit  of  tlie  difficulty  of  commutation 
of  a  greater  output  of  current.  v\ith  a  reduction  in  voltage 
with  the  small  practical  length  of  bar.  For  500  volts  and 
over   the   eonimutalDr   const ructii>ii    cjui   be   made   satisfactory. 

Tests — .\  test  was  conducted  on  a  400-kw  I'arsons  turbine 
at  the  works  of  the  Weittinghouse  Machine  Comjiany  at  Pitts- 
burg, The  unit  consisted  of  a  Parsons  parallel-flow  turbine 
directly  connected  to  a  two-phase,  revolving-field.  6o-cyclc, 
alternating-current  generator  madt;  by  the  Weslinghousc  Elec- 
tric and  Manufacturing  Compiany.  This  was  a  commercial  set, 
and  the  machine  was  delayed  in  shi]>ment  in  order  to  allow 
tile  test  to  be  made.  Steam  was  ial<eii  from  a  sejianiic  super- 
heater regularly  used  to  supply  superheated  steam  to  the  steam 
piping  in  the  testing-room.  The  set  was  tested  under  its  usual 
running  conditions  and  at  loads  varying  from  25  per  cent  over- 
load, or  500  kilowatts,  to  100  kilowatts  and  no  load,  viz.:  500, 
400.  300,  200  and  too  kilowatts.  Tlic  period  of  each  test 
was  one  hour,  and  the  load  was  maintained  as  nearly  uniform 
as  practicable  for  that  time.  Readings  were  taken  at  five- 
minute  intervals,  in  order  to  obtain  the  corrected  load  for  one 
hour.  This  load  was  obtained  by  means  of  water  rheostats, 
and  inter\'als  of  20  minutes  were  allowed  between  each  test, 
in  onler  to  adjust  the  rheostats  and  other  ap|>aratus  prior  to 
the  .starting  of  t'lc  next  test.  The  first  lest  was  made  at 
300  kilowatts.  A  surface  condenser  was  used,  with  inde- 
pendent air  and  circulating  pump&.  Excitation  was  obtained 
from  a   small    turbine   directly   connected   to   a   direct-current 
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geiiviTiUtr.  Water  frum  llie  coiidviiscr  was  weighed  in  latik^. 
mounted  on  |>latforiii  scales,  and  a  three-way  valve  was  so 
arranged  thai  the  water  could  bo  discharged  into  either  lank, 
allowing  continuous  readings  lo  be  taken  during  the  operation 
of  the  turbine;  the  hoi  well  was  provided  with  a  gauge  glass 
and  was  so  calibrated  as  to  check  any  errors  due  to  water 
ill  the  system  of  piping  and  condenser. 

The  condenser  was  tested  for  leakage  at  the  end  of  the 
test.  The  electrical  instruments,  thermonicters  and  gauges 
were  calibrated  bt/nre  the  lost  was  started,  .^flcr  tliese  tesis 
were  completed,  full  load  was  thrown  off  and  on  tnstaiilane- 
ously.  to  lest  the  governor.  Its  behavior  was  all  thai  onild  be 
desired.  The  variation  in  speed  of  the  turbine  shaft  wa>  wilhin 
two  per  cent,  and  the  rise  in  voltage  of  the  generator  was 
within  five  per  cent.  The  turbine  was  in  continuous  opera- 
tion over  ten  hours,  and  during  that  time  did  not  require  any 
attention  from  the  operator,  demonstrating  the  automatic  fea- 
ture of  the  machine.  The  atiached  sheets  give  the  dciaile^I 
results  of  this  test. 

It  was  the  intention  of  the  eonunitlee  to  make  tests  on 
two  or  three  different  sizes  of  turbines  of  the  Parsons  anJ 
Curtis  type  at  the  works  of  the  ntanufaeturers.  This  wa-i  foimd 
(o  be  impracticahle,  on  account  of  the  fact  that  the  only  niachincs 
available  were  machines  on  order,  the  shipment  of  which  cwld 
not  be  delayed  to  i>ermit  of  these  tests.  .\  lest  was  made 
at  Schenectady  on  a  2000-kw.  four-stage  Curtis  vertical  tur- 
bine directly  connected  to  an  alternating-current  revolving-field 
generator.  Tliis  lest  was  conducted  by  ex])erta  a|»iv>inie<l  by 
the  General  Electric  Company,  one  of  whom  was  appointeil 
as  a  represent  alive  of  your  committee.  A  number  of  engi- 
neers were  also  invited  to  be  present  lo  witness  the  test.  The 
object  of  the  test  was  to  dctenninc  the  efficiency  at  various 
loads.  Two  Elf  the  tests  were  interrupted  on  account  of  fail- 
ures of  the  an.xiliarics.  A  surface  condenser  was  used  and 
the  water  from  the  surface  condenser  was  weighed  in  a  lank 
mounted  on  a  platform  scale,  the  air  and  water  pumps  being 
independent  and  driven  by  motors.  Causes  for  interrnptions 
were  due  in  one  case  to  failure  of  the  atr  pump  and  in  the 
other  case  lo  interruptions  in  service  supply  lo  electric  motors. 
The  load  was  applied  by  means  of  a  water  rheostat  and  wu 
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kept  as  nearly  uniform  as  practicable  during  the  time  of  the 
test.  Five-minute  readings  were  taken,  in  order  to  check  the 
load.  All  of  the  instruments,  gauges  and  thermometers  were 
checked,  previous  to  the  test,  in  the  company's  laboratory. 
Various  officials  of  the  company  expressed  the  opinion  that 
the  results  were  not  so  good  as  they  had  obtained  in  previous 
tests.  The  results  of  this  test  are  attached.  We  have  also 
received  from  the  General  Electric  Company  copies  of  results 
obtained  from  the  same  machine  quite  recently.  These  tests 
were  made  by  the  company  under  similar  conditions  to  the  test 
in  question. 

The  large  number  of  turbines  now  being  installed  at  cen- 
tral stations  will  readily  permit  of  accurate  tests  being  made 
under  their  operating  conditions,  which  will  determine  fully 
the  actual  advantage  of  the  turbine  over  the  reciprocating 
engine.  From  the  tests,  however,  that  have  been  made  it  has 
been  clearly  proven  that  the  steam  turbine  is  more  economical 
than  the  reciprocating  engine  of  similar  sizes. 

DEMAND    FOB    TURBINES 

The  vcrj-  widespread  interest  that  has  lately  been  aroused 
in  steam  turbines  appears  to  be  general  throughout  the  country. 
Engineers  in  the  East,  in  the  West  and  in  the  South  are  show- 
ing a  keen  interest  in  this  subject.  It  would  appear  that  this 
type  of  engine,  used  by  the  ancients  and  experimented  with 
by  most  of  the  prominent  engineers,  will  soon  supplant  its 
rival,  the  reciprocating  engine.  A  number  of  large  engine 
builders  are  now  devoting  their  attention  to  the  construction 
of  steam  turbines;  notably,  the  .\llis-Chalnicrs  Company,  now 
preparing  to  manufacture  turbines  of  the  Parsons  type.  Many 
of  the  ablest  steam  engineers  are  also  associating  themselves 
with  the  manufacture  of  steam  turbines:  indicating  that,  in 
the  judgment  of  these  experienced  manufacturers,  the  demand 
.  for  turbines  will  exceed  the  demand  for  reciprocat- 
ing engines.  The  number  of  orders  that  have  been  received 
by  the  manufacturers  is  a  further  indication  of  the  preference 
for  the  steam  turbine  over  the  reciprocating  engine.  This  con- 
dition, as  you  will  note,  is  similar  to  the  advance  being  made 
in  Europe  and  the  active  interest  that  all  of  the  manufacturers 
have  taken  in  its  development. 
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Thvre  is  also  a  gn.-at  deal  of  exifcrimcnling  on  otiicr  l>'pcs 
of  turbines,  and  improvements  in  existing  types,  being  done. 
The  VVeslinnliouse  Machine  Company  has  recently  added  an 
additional  governor  to  hs  turbine,  to  lake  care  of  the  heavy 
ovcrIoa<l,  which  admits  hii^h-pressurc  steam  at  an  intermediate 
ixiint  in  the  turbine,  thus  increasing  its  capacity,  either  for 
heavy  overload  or  when  iK'tng  op<:rated  non-condensing.  Tliis 
feature  w3*  fomierly  taken  care  of  by  a  valve  controlled  by 
hand.  l'hi&  lias  the  c0cct  of  making  the  machines  automalic, 
under  a  wider  range  of  coiilrol,  .and  improves  the  economy 
slightly. 

The  General  Electric  Company  is  paying  special  aticniioit 
to  the  valves  controlling  the  nozxie  0[>einngs,  and  is  at  present 
engaged  in  the  design  of  a  number  of  different  fomis  of  valves 
and  controlling  mechanism,  each  of  .which  will  be  capable  of 
being  applied  to  existing  turlmies  of  its  design.  Tlie  De  Laval 
Company  has  been  engaged  during  the  past  two  years  in  devel- 
oping a  type  of  turbine  sintnblo  for  larger  sizes,  and  in  Europe 
Stumpf,  Rateati,  and  others  who  are  associating  themselves 
with  the  larger  manufat'turing  companies  and  otbcr  engineers, 
are  giving  verj-  active  attention  to  this  subject. 

ATTENTION 
In  the  operation  of  turbines  the  class  of  attendant  mate- 
rially changes.  The  machine  being  practically  autotnatic.  it 
re(|iiircs  the  minimum  of  attendance.  an<l  necessitates  a  man 
who  is  constantly  watchful,  but  docs  not  become  fretful  with 
the  easy  ]M»ition.  The  engineer  usually  employed  on  recip- 
rocating engines  freqiieinly  beciwnes  disgusted  with  the  opera- 
tion of  the  sieain  turbine  unless  he  has  an  opportunity  to 
give  some  attention  to  the  auxilja'ies.  Il  seems  to  be  crwi- 
stilutional  with  him  to  want  to  U!>e  a  wrench  and  have  a  mim- 
Iter  of  bearings  to  watch  and  handle. 


ADVANTAGES 

The  advantages  of    the  turbines  can  be  summed  up  as 
follows : 

Miglier  efficiency. 
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Lower  first  cost. 

Mininium  amount  of  labor. 

Lower  depreciation  and  maintenance. 

Small  amount  of  ott  required. 

Freedom  from  vibration. 

Lower  cost  of  buildings  and  foundations. 

Uniform  rotation,  which  is  especially  desirable  for  opei- 
ating  alternating-current  generators  in  parallel. 

The  machine  can  be  started  as  quickly  as  can  the  recipro- 
cating engine. 

Can  be  governed  as  closely  as  the  steam  engine. 

Full  load  can  be  thrown  on  or  off  instantaneously  with- 
out in  any  way  endangering  the  turbine. 

Condensed  steam  is  free  from  oil  so  that  the  water  can 
be  returned  to  the  boilers,  this  being  especially  valuable  where 
a  bad  feed  water  is  used. 

Simplicity  of  packing. 

Small  number  of  bearings. 

All  parts  can  be  made  to  gauges. 

Minimum  amount  of  fittings  and  ease  in  renewing  the 
parts. 

It  operates  equally  well  condensing  or  non -condensing. 

Freedom  from  breakdowns  owing  to  water  in  the  steam. 

Relatively  small  size  of  all  parts,  insuring  more  perfect 
material. 

High  economies  at  light  loads. 

Good  regulation  of  generator. 

The  depreciation  of  the  turbine  has  not  thus  far  been 
fully  determined.  We  feel  confident,  however,  that  it  will  be 
less  than  that  of  the  reciprocating  engine. 

The  committee  has  been  in  communication  with  the  fol- 
lowing users  of  steam  turbines.  We  append  the  list  of  users 
so  that  any  members  may  communicate  with  them  directly 
should  they  desire: 

LIST  OF  USERS  OF  STEAM  TURBINES  TO  WHOM  LETTERS  WERE  .SENT 

Yale  &  Towne  Mfg.  Co..  Stamford,  Conn. 
B.   F.  Goodrich   Co.,  Akron,  O. 
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Consolidated  Rwy.  &.  Lighting  Co.,  Wilmington,  N.  C. 

Johnson   Harvester  Co.,  Batavia,  N.   Y. 

Roslyn  Lt.  &  Power  Company,  Roslyn,  L.  I. 

S.  D.  Warren  &  Co.,  Cumberland  Mills,  Me. 

Saco  &  Pettee  Mach.  Shops,  Middleford,  Me. 

Citizens  Lt.  &  Pwr.  Co.,  Johnstown,  Pa. 

City  of  Columbus,  Columbus,  O. 

Atlantic   Mills,  Providence,  R.   I. 

Portsmouth  Street  R.   R.,  Portsmouth,  O. 

Anderson   Municipal  Light  Plant,   Anderson,   Ind. 

Cleveland,  Elyria  &  Western,  Cleveland,  O. 

Chicago   Edison   Company,   Chicago,   111. 

San  Jose  Ry.  &  Light  Co..  San  Jose,  Cal. 

Port  Huron  Light  &  Power  Co.,  Port  Huron,  Mich. 

Xarragansett  Elec.  Ltg.  Co.,  Newport,  R.  L 

D.  L.  &  W.  R.  R.  Co.,  Scranton,  Pa. 

Nashua  Lt.  &  Power  Co..  Nashua.  N.  H. 

Chattanooga  Lt.  &  Power  Co..  Chattanooga,  Tenn. , 

Tiinghamton  Lt.  &  Power  Co.,  Binghamton,  N.  Y. 

Macon  Ry.  &  Light  Co.,  Macon,  Ga. 

Laclede  Lt.  &  Power  Co.,  St.  Louis,  Mo. 

United  Gas  &  Electric  Co.,  Dover,  N,  H. 

Winona  Ry.  &  Light  Co.,  Winona,  Minn. 

Hartford  Elec.  Light  Co..  Hartford.  Conn. 

The   following  questions   were   asked   these  users  of  tur- 
bines : 

Location  of  plant. 
Number  of  turbines  in  use. 
Make  of  turbine. 
Use  to  which  turbine  is  put. 
Principal  dimensions. 


Weight 
l"ype 


(  Turbine 

I   Generator 

(  Generator 

I  Condenser 


t  Full  load 
Capacity       J   Guaranteed  percentage  overload  with  rise  in  tem- 
I       perature 
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f  50  or  25  per  cent  overload 
I  Full  load 
Efficiency     -|  75  per  cent  load 
I  50  per  cent  load 
1^  25  per  cent  load 

Is  superheated  steam  used?  If  so,  state  the  amount  of 
superheat  in  degrees  Fahrenheit. 

Type  of  governor — Piease  state  if  one  or  more  governors 
are  used,  and  whether  the  governor  is  mechanical  or  electrical. 

Percentage  of  variation  in  speed  from  no  load  to  full  load 
and  with  sudden  changes  of  load. 

Please  state  the  interruptions  to  service  due  to  any  cause 
in  the  turbine  and  state  the  cause. 

Please  state  the  time  required  between  the  delivery  of  tur- 
bines on  foundation  and  the  placing  of  same  in  commercial  use. 

What  advantages  does  the  steam  turbine  possess  in  your 
service  not  possible,  or  not  commercially  obtainable,  with  the 
reciprocating  engine?  The  intent  of  this  last  question  is  to 
obtain  a  line  upon  the  practical  rather  than  the  theoretical 
value  of  the  turbine  from  the  central -station  standpoint. 

Replies  were  received  from  a  large  number  of  users. 
Those  who  have  had  the  turbine  in  use  for  some  time  strongly 
indorse  its  operation  and  efficiency ;  and  the  interruptions  that 
they  state  they  have  had  were  due  to  mechanical  defects  that 
were  easily  remedied. 

The  time  given  for  erecting  turbines  in  sizes  varying  from 
400  to  1500-kw  is  from  two  to  four  weeks,  depending  upon 
the  facilities  for  handling  the  heavy  parts  in  each  case  during 
erection. 

In  regard  to  the  operation  of  the  step  bearing  of  the 
Curtis  turbine,  there  has  been  no  objection  from  the  users, 
and  we  have  been  unable  to  locate  a  case  in  which  it  has 
given  trouble.  We  did  not  receive  any  unfavorable  replies 
from  the  users  regarding  the  operation  of  the  turbine  or  any 
of  its  parts. 

Mr.  Fred  Sargent  has  made  a  very  exhaustive  investiga- 
tion of  the  steam  turbine,  and  of  the  manufacture  of  the  various 
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types   in   Europe.     His   report   is  appended  and  will  be  pub- 
lished in  the  proceedings. 

The  committee  desires  to  extend  its  thanks  to  the  manu- 
facturers and  users  of  turbines  who  very  kindly  assisted  it  in 
procuring  the  information  contained  in  this  report 

Respectfully  submitted, 

W.  C.  L.  Eglin,  Chairman. 
Committee,  -^  Fred  Sargent, 
A.  C.  Dunham. 
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SUMMARY  OF  TESrrS  OX  A  flOO-KW  WESTINGHOUSE-PARSOSS 
STEAM  TUKIilSE 


Swam  prcMutcniUiroiiIe. 
BMRe 

H  I>.  iaicc  p[cHur«  lb*. 
RauKC  

Vucuum  in  L.P.  outlet  by 
mcr.  col 

Vacuum  rcfetrEd  to  30" 
baramcter 

R.irDinclrr 

Tcmpcraiute  at  •uper- 
hc.iicr  (luilcl 

Supcrlirat  ninuperhenler. 

Tcmperaiiiic  Ml  thmlllc 

Superheat  al  ihioitlo 

SpceiJ...    

I.''adin  kllowalts... 

I.iijiil  in  clip   

Tumi  net  ibt.  Hloam  con- 
dented. 

Lbt.  itFamperc.hp-hour. 

LU(.  ticam  per  kW'buur.. 


Ot«1 


irload 


98.  M 

39.  a  I 

606.6 
300.1) 
*40.(i 
176.1 

3S07 

sm-6 
67(.,^ 


Tut 
Nd.I 


Full 
Load 


B8.I6 
39,31 

696.6 
3J0.8 

547! 
n-7 
353^4 
Aoi 

S47 


"7  4 

M.4 
39.31 

333 
517. 6 
l6j  t 

3S49 
300,6 

4oa-9 
SSJS 

13,7 


Tut 
Ho.  » 


574 

>B,04 
»g-3' 

6^7  3 

328.7 
S0I.9 

133,9 

10.^6 

167.6 


Tmt 


«7  33 


656.3 

337 
466,9 

95.1 
3SS6,8 

9q.9» 
•34 

afiTo 
10-93 
S6.70 


TWT 


"54-a 
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18.0s 
39.31 

643.6 
374  I 
415.6 

579 
3613 


916 


SCMMARV   or   TESTS 

ON    A 

iooo-KW  Curtis  steam  turbine 

Tut 

Ti« 

T«T 

Tsit 

Ti.i 

T«»T 

KO.IA 

\°.ia 

Kol.  a 

Nu.   1 

Hu     , 

No.   t 

! 

Oveflood 

OrtVlMd 

OTCMOMI 

Full 

Load 

L«4 

L^ 

Throiiie  p(c»»ure 

174.3 

.718 

:t6.5 

l6SS 

177.S 

148-5 

"         terapcraiiire  k. 

SI* 

s<>i-i 

S6S 

bl«.j 

606 

S6S 

t. 

59' 

S^ST 

554 

433 

416 

41S 

"         tiiprrhoalit.. . . 

330.7 

IM,3 

IM 

3$3 

334 

307  5 

■■        L.    .,. 

330.7 

m-9 

1S3 

67 

54 

605 

SJ-S 

.... 

46-5 

d9.9 

36,5 

19 

ad      •■              ••       

33-3 

.... 

IS 

13.4 

7-' 

54 

"       '■       lempcrature  R.. 

370 

-  ■ . ' 

370 

S73 

371 

WO 

"      "                 ■■             t„. 

3*7 

■ ..  1 

317 

311 

3'S 

301 

'■      "       supcThcat  s.  . . 

139 

-  , 

m 

166 

"93S 

I5J 

■■      '"                ."        I, 

S6 

- . , , 

104 

116 

•37-S 

97 

4^4S 

.... 

4-3 

3-7 

»9 

3,3 

"      "       temperature ... 

369 



s66 

3S9 

141 

3IS 

113 

111 

"J 

7» 

<5 

Condenser  prcsiure 

,a 

■  ••  ■ 

■n 

.64 

■  54 

.9* 

■         lempcraiure, , 

los 

..  t  ■ 

1*3 

93 

IZ4 

"5 

lupcrFieat  . . . 

10 

.... 

T 

5 

4a 

15 

Load,  kw-huur». ........ 

37S4 

3746-8 

3903.3 

30l6 

99.6 

635-7 

Lb*.  Ileum  per  kw-huur. , 

ISSJ 

(6-37 

15.46 

15-** 

16.38 

30-94 
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REPORT  SUBMITTED  BY  MR.  SARGENT 

Mr.  Wm.  C.  L.  Eglin, 

Chairman  Committee  on  Steam  Turbines, 
National  Electric  Light  Association. 

Dear  Sir:  I  have  the  honor  to  submit  herewith  some 
information  about  the  steam-turbine  situation  in  England  and 
on  the  continent  of  Europe,  gathered  largely  from  personal 
observation. 

The  situation  from  a  broad  and  general  point  of  view 
indicates  that  the  steam  turbine  is  now  generally  recognized 
as  being  a  superior  machine  to  the  reciprocating  steam  engine 
for  driving  generators  for  central -station  work.  Its  success 
in  this  direction  during  the  last  few  years  has  been  phenom- 
enal, and  at  the  present  time  it  is  very  generally  used  both 
for  extensions  to  existing  stations  and  for  new  work.  The 
largest  and  most  important  central  stations  under  con- 
struction are  being  equipped  with  this  t>pe  of  steam  motive 
power,  and  one  of  those  in  which  the  machinery  is  now  being 
installed   is  to  contain  ten  5000-kw  imits. 

Although  five  diiTerent  types  of  steam  turbines  are  being 
manufactured,  and  at  least  one  more  is  developed  and  ready 
for  manufacture,  the  important  and  truly  successful  central- 
station  work  has  been  done  and  is  being  done  up  to  the  present 
time  largely  by  one  type,  namely,  the  Parsons. 

The  five  types  manufactured  are  the  Parsons,  De  Laval, 
Rateau.  Riedler-Stumpf,  and  Curtis,  and  the  one  that  is  devel- 
oped ready  for  manufacture  is  the  Zoelly. 

THE     PARSONS    STEAM     TURBINE 

In  1884,  the  Honorable  C.  A.  Parsons,  F.R.S.,  after 
numerous  experiments  brought  out  his  first  steam  turbine, 
which  ran  for  many  years  and  is  now  in  the  South  Kensington 
Museum,  at  London.  It  was  coupled  direct  to_  a  high-speed 
dynamo  and  developed  about   10  horse-power  at   18,000  r.p.m. 

Larger  and  more  economical  turbines  were  successfully 
constructed,  and  in  1888  the  first  condensing  turbine  was 
designed,  but,  owing  to  various  difficulties,  such  a  turbine  was 
not  constructed   until    1892,   when   it   was   tested  by   Professor 
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Ewing.  F.R.S.,  in  view  of  the  proposal  to  use  steam  turbines 
for  the  Itgliting  of  Cambridge.  TTii»  turbine  was  of  2oo  horse- 
power at  a  working  speed  of  4800  r.p.in..  and  consumed  27 
pounds  of  steam  per  kw-hotir,  which  is  equivalent  to  16  pounds 
of  steam  per  i.lip-hour. 

In  1900,  two  alternators,  each  of  1250-kw  capacity,  were 
made  for  the  city  of  Elberfeld.  Germany.  The  lurbinirs  were 
of  the  tandem  type,  consisting  of  high  ami  low-pressure  cyl- 
inders, and  ran  at  1500  r.p.m.  The  dynamos  were  four-pole 
and  supplied  single-phase  ctirrent  at  400  volts  and  30  periods. 
The  steam  consuniplion  with  a  slight  superheat  was  18.8  pounds 
per  kw-hour  at  full  load,  or  ii.g  poimds  per  i.hp,  including 
the  power  required  to  drive  the  air  ]>uTn|is  and  exciter.  Theie 
dynamos  run  perfectly  in  parallel  with  the  1500-hp  Sulzer 
cn^nes,  which  are  coupled  to  a  iooo-k\v  Itrown-lioveri  alter- 
nator, running  at  S3  r.p.m,  In  fact,  lh«  turbines  steady  the 
reciprocating  engines  even  when  the  latter  are  running  on 
traction  load. 

In  June,  1903,  turbines  for  driving  dynamos  had  been 
built  in  England  and  on  the  Continent  under  Parsons  patents 
aggregating  upwards  of  250,000  horse-power  and  in  sizes  up 
to  50oo-hp.  Consiunptions  of  steam  as  low  as  15.8  pounds 
per  kilowatt,  or  about  <>.8  pounds  per  i.hp-honr.  have  been 
recorded  when  using  sti-aui  at  142  pounds  pressure  deliv- 
ered to  the  turbine  superheated  120  degrees  Fahrenheit. 

The  orders  on  hand  at  the  present  time  in  England  and 
on  the  continent  of  Europe  for  steam  turbines  of  the  Parsons 
type  for  driving  dynamos  amount  to  over  300,000  kilowatts 
in  sizes  up  to  5000-kw  and  approximately  200,000  horse- 
power, for  marine  work. 

The  lowest  steam  consumption  recorded  is  14-74  pounds 
of  steam  per  kw-hour  on  a  3000-kw  Brown -Boveri- Parsons 
lurbo-alternator  at  Frankfurt-on-the-Main.  Germany,  opcralcl 
at  2995  kilowatts,  witli  stean^  at  138.5  pounds  per  square  inch 
gauge  pressure  and  superheated  235  degrees  Fahrenheit  This 
includes  power  for  exciting  and  condensing. 

Tlie  coniplcle  test  is  presented  herewith: 
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Steam  turbines  of  the  Parsons  type  are  being  manufac- 
tured by  the  following  concerns :  C.  A.  Parsons  and  Com- 
pany, Hcaton  Works,  Newcastle-on-Tyne,  England ;  Brown- 
Boveri  Company,  Baden,  Switzerland ;  The  British  Westing- 
house  Company,  Manchester,  England;  Richardson,  West- 
garth  and  Company,  West  Hartlepool,  England;  Willans  and 
Robinson,  Rugby,  England. 

The  turbine  being  manufactured  by  Willans  and  Robinson, 
Rugby,  England,  is  the  same  as  that  being  manufactured  by 
the  Allis-Chalmers  Company  in  this  country,  and,  while  it  is 
of  the  Parsons  type,  it  is  being  manufactured  imder  what  are 
known  as  the  Fullagar  patents.  The  difference  between  this 
and  the  regular  Parsons  type  consists  mainly  in  a  new  method 
of  putting  in  the  blades.  In  the  regular  Parsons  machine  the 
blades  with  a  distance  piece  between  each  are  caulked  sepa- 
rately in  a  slot  prepared  for  the  purpose.  By  the  FuUagar 
method  the  blades  are  first  built  up  in  a  framework  forming  a 
half  circle  and  then  the  frame  is  caulked  in  a  slot  prepared 
for  the  purpose.  While  I  saw  several  machines  of  this  type 
in  course  of  construction  of  sizes  including  5000-kw,  none  was 
yet  ready  for  operation. 


THE    DE    LAVAL    STEAM    TURBINE 

The  present  type  of  De  Laval  steam  turbine  was  first  made 
public  about  the  year  1893,  when  it  was  exhibited  at  the  World's 
Columbian  Exposition  at  Chicago.     It  is  made  in  sizes  up  to 
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jcxvhp  re{;u1arly,  and  I  believe  lias  bc«ii  coiisinictrd  as  large 
as  500-hp.  Up  to  the  present  time  upwards  of  50,000  horse- 
power has  beeii  coiiMructed,  priiiejpally  for  driving  electric  gen- 
erators, rotary  pumps,  and  fans. 

The  speed  oj  this  mactiint:  varying  from  30.00a  r.p.ni.  in 
tile  five-hp  siie  to  10.00a  r.p.m.  lii  the  30Ohp  size  necessitates 
the  use  of  intermediate  Rearing  to  reduce  the  speed  to  the 
generator,  ptim]>  or  fan  to  which  it  is  attached.  Tlic  best 
steam  ccotionty  recorded  for  this  type  of  machine  was  obtained 
chiring  tests  made  by  Messrs.  Dean  and  Main,  of  Boston,  on 
a  300-lifj  iiiaeliitK-,  as  follows: 
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I  understand  that  the  Dc  Laval  Company,  of  Stockholm, 
Sweden,  is  developing  a  new  type  of  machine  and  tliat  llirc« 
turbines,  each  of  750-kw  capacity,  arc  tmder  construction  for 
an  Hn^Ush  plant. 

The  De  Laval  steam  turbine  is  being  manufactured  by  the 
following  companies:  Akticbolagct  dc  Lavals  Angturbjn, 
Stockholm.  Sweden — Korway,  Sweden  and  unoccupied  terri- 
tory; Socicte  De  Laval.  4S.  Rue  de  la  V'ictoire.  Paris — France 
and  colonies ;  the  English  De  Laval  Steam  Turbine  Company. 
Limited,  Albion   \S''ork$,   Leeds,  England — Great  Britain  and 


Ireland,  the  British  colonies,  Eg>'pt,  China  and  Japan ;  Machine- 
bau-Anstalt  Humboldt,  Kalk  bei  Koln — Germany  and  colonies. 

THE  RATEAU    STEAM   TURBINE  • 

The  Rateau  steam  turbine  dates  from  about  1894  and  has 
been  developed  in  two  types. 

( I )  For  utilizing  low-pressure  steam  exhausted  from  non- 
condensing  reciprocating  engines, 

{2)    For  ordinary  boiler  pressures. 

The  majority  of  the  machines  in  operation  are  of  300  to 
500-hp  capacity,  but  one  of  2700-hp  is  under  construction  for 
the  Donetz  Steel  Works,  Russia. 

The  total  capacity  in  operation  and  under  construction  is 
stated  to  be  about  30,000  horse-power,  made  up  as   follows: 

Ship  propulsion 6,aoo  hotse-powet 

Electric  generators 21,700 

Turbo  pumps    1.300 

Turbo  fans 800  " 

30,000  horse -power 

The  following  table  shows  results  of  tests  on  a  300-hp 
low-pressure  turbine  driving  two  direct-current  generators  at 
the  Bruay  Mines,  France: 
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The  barometric  pressure  was  29.7  inches  during  the  first 
five  tests,  and  29.9  inches  during  the  last  two. 

A  test  of  a  500-hp  turbine,  one  of  a  set  of  three  at  the 
Pennaroya  Mines,  Spain,  is  stated  to  have  given  the  following 

results : 
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K   JvitiMU  turbine  is  manufactured  under  license  by  the 


■  t  'vv    l!it'tri-x,  Leflaive  and  Company,  St.  Etienne;  Saut- 
,1-  --■  .itid  t-'omiMiiiy,   Paris;  Establissements  Cail,   Douai; 

^^.v-*.'  '.  >v>»»^'*f.  Paris. 

,„-i"\iuv — Schticliterniann   and   Krenier    Society   Balcke   a 
..^-'.■■■■,  l\>rtnmnd. 

y,.^,ria — .-Vtcliers   Archi<lucaiix    d'\"estron,    SocietS  'Skoda 

Swit/t'rland — Ocriikon  Works,  Oerlikon. 

Hi-tt^iiun — Societo   des   Produits,   Flenu;   Fong-es   de   Gilly, 

1.  twi  U-roi. 

Russia — La   Wetalliquc,   Ateliers   de  Gorlovka,   St.   Peters- 

I'UIJ.'. 

RIEDLER-STU-MPF   STE.\M    TURCIXE 

Sovcral  Riedler-Slumpf  turbines  have  been  constructed  by 
tin-  AllKi'iueine  Elektricitats  Gescllscbaft,  P>erlin,  Germany, 
iiiiui-i pally  for  experinictilal  piirpoF^cs.  The  largest  of  these 
is  a  3xx)-hp  turbo-alternator  erected  at  the  Moabit  central 
slalii'u.   Ilerlin,  where  it  has  been  put  throuj.;h  exhaustive  tests. 

Smue  few  of  these  machines  of  comparatively  small  size 
li.-ivf  n'feiitly  been  sold  for  the  electrical  equipment  of  some 
wiir  vrs,>;i-ls  in   the  German  navy. 

In  a  paper  read  by  Professor  Ricdler  before  the  German 
jiislrtnlidn  of  Naval  .Architects  Knveniber  19,  1903,  a  test  of 
ilif  jo'K'j-hp  turbine  was  pivcn  as  follows: 
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THE    CURTIS   STEAM    TURBINE 

The  manufacture  of  the  Curtis  steam  turbine  in  Europe 
has  been  begun  very  recently,  and  although  several  orders  are 
passing  through  the  shops  none  has  yet  been  completed. 

This  machine  is  being  manufactured  by  the  British  Thomson- 
Houston  Company,  Rugby,  England;  by  the  French  Thomson- 
Houston  Company,  Paris,  France,  and  is  about  to  be  manu- 
factured by  the  Allgemeine  Elektricitats  GescUschaft,  Berlin, 
Germany, 

THE    ZOELLY    STEAM    TURBINE 

After  some  years  of  experimenting  and  the  construction 
of  several  trial  machines,  ^[r,  Zoelly,  of  Eschcr,  Wyss  and 
Company,  the  famnus  turbine  water-whee!  builders  of  Zurich. 
Switzerland,  has  ptTfectcd  a  turbine  of  about  6oo-hp,  direct- 
cmipled  to  a  dynamo.  This  machine  is  erected  at  the  works 
of  Eschcr,  Wyss  and  Company,  Zurich,  and  has  been,  care- 
fully tested  by  Dr.  Stodola,  of  the  Zurich  Pol>'technic,  with 
the  following  rcsuhs: 

TEST  OF  ZOELLY  TURBINE 

These  trials  were  carried  out  with  a  boiler  pressure  of  150  pounds  per 
square  inch  and  a  vacuum  of  93.;  per  cent.  In  [he  superheated  steam  trials 
the  temperatures  were  measured  at  ihe  ihroiile  valve — not  at  the  machine. 
The  steam  consumption  is  per  kilowatt  at  the  poles  of  the  dynamo. 

The  steam  for  operating  the  condenser  is  nul  included.  It  amounts  10 
an  increase  of  from  1.5  to  three  per  cent. 

I — S.\TiKATHi   STF.Ar: 

Ko  load,  not  excited,  consumplion  per  hour  6-;t>,<;    pounds 

No  load,  excited,  "  "         1013.1) 

Ln.r 

So.  I  kilowatts-      Steam  per  Itvv-hour. 33         pounds 

1(>2.2  "  15.74        " 

Bjo.i  ■'  "  '■         2J.y8 

334-5         ■■  .-■■       z=."       " 

387-6         ■■  31.43       " 

II— SlTKKHRAIMl   StKAM 

Steam  Tcr-pcrnturc,  Sl^am  per  Kw-hour 

lt,lf>wa-.1«  DtcTFts  F.  SuprrhfAL 

390.4  39C  31  dterees  F.  19-76  pounds 

391.7  43a  C7        ■■  19 

(Signed)        Dk.  A.  Stooola. 

Negotiations  for  the  manufacturing  rights  for  this  machine 
for  the  continent  of  Europe  have  been  completed  and  are  in 
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the  hands  of  a  syndicate  containing  the  following  well-known 
names :  The  Siemens  and  Halske  Company,  Berlin ;  North 
German   Lloyd  Company,   Bremen;   Messrs.   Krupp  and   Sons, 

Essen. 

For  those  interested  'in  a  detailed  technical  description  of 
these  various  steam  turbines  and  in  scientific  information  about 
the  principles  of  construction  of  steam  turbines  generally,  the 
writer  recommends  Dr.  A,  Stodolas'  Die  DampfUirbinen,  pub- 
lished by  Julius  Springer,  Berlin. 

A  translation  of  this  valuable  work  is  being  prepared  by 
Professor  Loewenstein.  of  the  University  of  Pennsylvania,  and 
will  be  published  by  A'an  Nostrand  Company,  New  York,  about 
September  or  October  of  this  year. 

Respectfully  submitted, 

F.    S-\RGENT. 


PUBLICATIONS  ON   STEAM   TURBINES 

Steam  Turbine — By  Robt.  M.  Neilson,  published  by  Long- 
man, Green  &  Company.  London  and  New  York. 

Die  D.vMPKTURiiiNEN— a  German  work  by  Dr.  A.  Stodola. 
This  is  being  translated  and  we  are  informed  will 
appear  in  English  within  the  next  two  months. 

Curtis  Steam  Turrixe— Paper  by  W.  L.  R.  Emmet,  read 
before  the  Philosophical  Society  of  Philadelphia. 

Curtis  Steam  TuRniNE— Paper  by  \V.  L.  R.  Emmet,  read 
before  the  Engineers'  Club  of  Philadelphia. 

Steam  Turbines— Paper  by  Francis  Hodgkinson,  presented 
before   the   Engineers'   Society  of   Pennsylvania. 

Practical  Notes  on  Steam  Turbine— Paper  read  before  the 
National  Electric  Light  Association,  May,  1904,  by 
Francis  Hodgkinson, 
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Notes  on  the  Operation  of  the  Curtis  Steam  Turbine — 
Read  by  August  H.  Kruesi  before  the  Association  of 
Edison    Illuminating    Companies,  September    8,   1903. 

The  Steam  Turbine  from  an  Operating  Standpoint — By 
Fredk.  A.  Waldron,  presented  at  the  Saratoga  meet- 
ing, June,  1903,  before  the  American  Society  of 
Mechanical  Engineers. 

Also  publications  by  Westinghouse  Machine  Company,  General 
Electric  Company,  De  Lava!  Steam  Turbine  Company, 


The  President:  I  asked  both  the  General  Electric  Com- 
pany and  the  Westinghouse  Electric  and  Manufacturing  Com- 
pany to  prepare  papers  on  this  subject  of  steam  turbines  or 
to  discuss  them.  Mr.  Rice,  of  the  former  company,  is  here 
prepared  to  discuss  the  subject,  and  Mr,  Hodgkinson,  of  the 
Westinghouse  company,  has  prepared  a  paper  upon  it. 

Mr.  Ferguson:  Mr.  President  and  Gentlemen — I  know 
that  Mr.  Eglin  and  his  associates  have  spent  a  great  deal  of 
time  during  the  year  in  preparing  this  report,  and  I  therefore 
move  that  a  vote  of  thanks  be  given  them  for  the  excellent 
report  that  they  have  presented. 

The  President:  I  am  very  glad  to  put  this  motion.  Mr. 
Eglin  asked  me  to  attend  the  meetings  of  this  committee,  and 
I  have  been  able  to  do  so.  I  know  that  they  have  performed 
an  immense  amount  of  work.  It  may  interest  you  to  know 
that  in  writing  the  presidential  address  on  Saturday  last  I  apol- 
ogized for  this  report  not  being  already  in  print,  but  I  had  to 
rewrite  that  portion  of  my  address  on  Monday.  To  my  sur- 
prise, copies  of  the  printed  report  came  here  on  Sunday.  I 
do  not  see  how  the  committee  succeeded  in  doing  its  work  so 
thoroughly  and  promptly.  It  deserves  the  greatest  credit  for 
having  performed  its  duties  so  promptly  and  faithfully. 

(Mr.  Ferguson's  motion  was  put  and  carried.) 

The  President:  We  will  now  take  up  the  paper  "Prac- 
tical Notes  on  Steam  Turbines,"  by  Mr.  Francis  Hodgkinson, 
of  Pittsburg. 


Tlio  pajHT.  as  follows,  was  read  by  Mr.  Hodgkinson: 

PKACTICAL  NOTES  ON  STEAM  TURBINES 


It  was  long  ago  shown  by  Zcuticr  tliat  tlK-  encfKy  tfiai  may  be 
theoretically  cxtraoti^il  from  a  jet  of  «u-am  is  prccisfly  llic  «iiiiv- 
almt  of  the  ciicrgj-  tliat  would  be  given  up  by  tlie  same  quantity 
of  Ueain  working  between  the  same  i>rcssurc  limits  expanding 
behind  the  piston  of  an  ideal  engine.  By  an  ideal  engine  is  meant 
an  engine  that  has  neither  mechanical  nor  thermal  losses,  h  is 
well  known,  of  course,  that  ibe  liest  steam  turbines  and  steam 
engines  fall  considerably  short  of  this  ideal.  A  discussion  of  the 
theory  of  steam  jel»,  itoztle  »Iiapes,  bucket  forms  and  the  like, 
has  hardly  a  [>lacc  in  this  paper  and  it  is  intended  to  confine  it 
to  the  mure  practical  purposes  uf  turbine  work. 

By  means  of  a  correctly  formed  noxzle,  sieam  can  be  made  to 
do  work  upon  itself  und  convert  all  its  encr^'  into  giving  itself 
velocity.  The  jet  con.<iiraiiic<l  tn  impinge  on  suitably  formed 
buckets  can  then  he  made  to  yield  this  energy  just  as  in  the  case 
of  a  water  turbine.  The  analogy  between  steam  and  water  turbine 
is  not,  however,  a  strictly  exact  one.  for  the  reason  that,  in  the  case 
of  the  former,  two  energy  conversions  take  place;  first,  heat 
into  energy  of  velocity ;  and  secondly,  velocity  into  work ;  while 
in  the  latter  the  converiion  is  kinetic  only.  The  difficulties  of 
turbine  design  lie  in  the  fact  that  steam  is  a  medium  of  low 
density,  and  consciiuently  attains  very  high  vclucilie*  with 
moderate  ])ressurcs. 

This  comparison  can  reailily  be  shown  by  comparing  the 
energy  of  one  pound  of  steam  and  one  pound  of  water  at  150 
pounds  per  square  inch  gauge  pressure :  for  example,  dis- 
charging into  a  28-inch  vacuum,  or  one  pound  absolute  pressure. 
Tlie  water  will  be  theoretically  capable  of  developing  379  fool- 
pounds  of  energy  and  will  discliarge  witli  a  velocity  of  about 
l$ft  feel  per  second.  To  deal  with  this  velocity,  llic  best  speed 
of  a  wheel  of  the  Pelton  type,  one  foot  in  diameter,  would  be 
1490  r.p.m.,  a  very  comfortable  speed.  On  the  oilier  hand, 
the  one  pound  of  steam  will  correipotidiugly  develop  jytjaoa 
foot-pounds  of  energy  and  will  have  a  theoretical  discharge 
velocity  of  over  4000  feet  jxr  second,  which  would  neceuitate 
a  corresponding  speed  of  38.300  r.p.m. 
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SUUKCES  in'  LOSS 

Th«  various  losses  iiicideiiUil  to  tlcain  turbines  arc  in  some 
respects  (lifferont  irom  those  of  a  reciprocating  engine.  althout;ti, 
taken  in  the  a^rcgate.  ihev  aiiiuitnl  to  closely  ihc  satne  per- 
ccniagc. 

These  losses  may  be  ilemizcd  as  fuUoivs: 

/•jVji/— The  jet  docs  not  attain  the  niaxinnini  ideal  velocity, 
because  of  friclior.  of  the  walls  of  nojurlcs  or  passages. 

Second — Frcnuenlly  tlic  speed  of  the  Inickets  is  too  low  with 
reference  to  tlic  jet  and  the  steam  issues  from  the  buckets  with 
nuich  residual  velocity. 

77ii>r/^Skin  friction,  due  to  high-velocity  steam  passing 
over  the  bucket  surfaces.  Skin  friction,  due  to  wheel  discs  and 
other  exposed  surfaces  revolving  in  a  more  or  less  dense  medium. 
Skin  friction,  due  to  water  of  c.>nden*ation.  This  water  is 
directly  a  result  of  adiabalic  expansion. 

Fourth — Leakage:  the  escape  M  steam  from  a  cell  of  higher 
pressure  to  a  celt  of  lower  pressure. 

/'i/M— Spilling,  due  to  steam  expanding  from  an  orilicc  and 
missing  the  blade.  This  would  he  also  in  evidence  if  we  were  to 
conceive  of  a  He  L^val  turbine  being  o|)crated  without  a  shroud 
around  the  blades. 

Si.rlli — lyidies.  due  to  badly  formed  buckets  causing  loss 
of  energy  and  the  steam  to  fonn  eddies,  disturbing  the  proper 
flow  of  the  particles. 

Setvnth — .Angle  of  nozzles  and  blades  is  always  a  source 
of  loss  except  in  a  turbine  strictly  resembling  a  Pelton  wheel. 
Since  the  nozzle  and  blades  nuist  make  some  angle  with  ref- 
erence to  the  |ilane  of  motion  of  the  buckets,  the  Meam  velocities 
therefore  have  a  component  parallel  to  the  axis,  which  results 
in  a  loss  similar  to  that  of  the  first  item, 

The  velocity  of  steam  that  may  be  attained  by  150  ])ound» 
of  jteam  discharging  into  a  i8-inch  vacuum  is  over  41x0  feet 
per  second  and  is  ap])roximatety  twice  that  of  a  rille  bullet  hi 
view  of  this  fact,  it  would  seem  desirable  to  avoid  high  steam 
velocities  as  much  as  |>ossible.  l>ec:iuse  of  resulting  friclionni 
losses.  Another  reason  is  the  erosive  action  of  ilic  steam  witlj 
high  velocities.  This  is  quite  serious  whiii  the  steam  is  initially 
wet,  due  to  foaming  boilers.  In  ibis  case,  matters  are  generally 
made  worse  by  the  moisture  Ciirryiiig  with  it  various  kinds 
of  solid  inipuriiies. 
11 
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In  this  connection,  the  author  lately  had  sohk  Delta  metal 
1)laik»  ex|)o»eil  to  two  steam  jets,  the  one  Usiiing  from  a  di- 
verging nozzle  with  150  pounds  boiler  pressure  behind  it,  ami 
the  other  from  a  roundeil  orifice  willi  one  pound  pressure.  TIic 
size  of  the  outlets  of  the  two  nozzles  was  the  same  in  each 
case  and  the  vclocilic»  were  appruxinialely  2^00  feet  and  foo 
feet  per  second,  respectively.  The  blades  were  kept  continiiouKly 
exposed  to  the  jets  for  128  hours.  Figure  i  shows  their  con- 
dition at  the  end  of  ihc  test.  A  considerable  amount  of  erosion 
will  be  observed  on  ilie  blades  subjected  to  llic  higher  velocity. 
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A  rather  curious  feature,  too,  is  that  the  ercuon  was  m-t^imtim 
at  ihe  centre  and  also  at  the  extreme  edges  of  the  jet.  N'o  at- 
lenipi  was  made  to  o1>servc  the  quality  of  the  steam ;  the  iwzzlcs 
were  merely  connected  to  a  steam  pi[)e  in  the  works. 


TvfES  OF  TUKBISES 
The  Dc  I^val  lurliiiie  forms  (he  simplest  type  of  turbine 
in  so  far  as  it  consists  simply  of  a  set  of  nozzles  and  one  re- 
volving row  of  hiK'keis  only.  Kor  this  reas-m  il  necessarily  runs 
at  hieh  speeds,  and  gearing  is  essential  to  bring  the  speeds  within 
practical  limits. 
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A  more  recently  developed  lurbiiic,  the  Stumpf,  likewise 
utilizes  these  distinguishing  elements  of  the  De  Laval  turbine, 
with,  however,  a  slight  <le|>arturc  from  this  arrangement  in  the 
use  of  tangential  nozzles  with  buckets  of  the  F'clton  form  milled 
in  the  periphery  of  the  wheel.  These  are  slightly  pitched  from 
the  shaft  in  order  to  provide  metal  for  succeeding  buckets.  A 
characteristic  of  this  fomi  of  turbine  is  tlic  large  wheel  diameter 
einpIoye<l,  and  it  is  in  this  direction  that  low  shaft  speeds  arc 
secured.  For  example,  a  5oo-hp  turbine  with  two  discs  five 
feet  in  diameter  has  Urn  cuiistriictei]  and  nm  at  a  ipwd  of 
ipoo  r.p.m.  with  a  rigid  sliaft.  In  later  forms  of  the  Stimipf 
tiirtnnc.  it  has  been  sought  to  utilize  a  residual  velocity  of  the 
Mcam  leaving  the  tnickcts  by  redirecting  it  around  a  circular 
guide,  so  as  to  impinge  again  upon  another  set  of  buckets  milted 
in  the  ]>eriphery  of  the  wheel,  alongside  the  other  row.  The 
steam  jet  after  leaving  the  nozzle  is,  therefore,  reversed  180 
degrees  twice  before  finally  leaving  the  wheel. 


COMI^HJN'R  SYSTEMS 

<Jn  account  of  the  difficulties  of  construction  and  losses 
ndant  uijon  the  use  of  high  steam  velocities,  various  methods 
of  compounding  have  been  proposed,  the  objective  point  of  the 
compounding  arrangement  tieing  n  subdivision  of  total  velocity 
among  several  stages,  so  that  the  working  velocities  in  any  one 
stage  might  be  reduceil  to  a  mors-  practicable  degree.  The  effect 
of  compounding  does  not,  however,  reduce  the  stage  velocjtic* 
as  promptly  as  might  be  at  first  thought,  for  the  reason  that  the 
velocity  varies  as  the  square  root  of  the  energy  of  the  steam. 
Thus,  if  the  simple  impact  turbine  were  constructed  with  two 
stages  instead  of  one,  the  stage  velocity  would  t>e  reduced  from 
4012  feel  per  second  to  2835  feet  per  second,  assuming  a  range 
of  pressure  from  165  |iounds  to  one  pound  absolute.  If  it  were 
constructed  in  four  stages,  the  velocity  would  become  2050  feet 
per  second,  under  the  supposition  that  the  entire  velocit)'  of  the 
jet  were  abstracted  in  each  sugc.  In  order,  therefore,  to  reduce 
the  steant  velocities  to  500  feet  per  second,  about  64  stages 
would  be  required  in  the  turbine. 
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THE  CUKTU 

The  nearest  approach  to  this  method  of  cumpoiinding  the 
^kimple  impact  elettietit  U  carried  out  in  tlie  Curtis  turbine,  in 
whidi  two  or  more  stages  arc  employed  to  carry  out  the  total 
ninge  of  expansion  from  Iwitcr  1o  condenser.  Eadi  stage  com- 
prises a  set  of  expanding  noizlcs  and  a  wheel  carrying  more 
than  one  row  of  buckets.  The  iicriphcral  speed  of  tiie  wUed 
is  Icept  within  convenient  limits,  so  that  if  only  one  row  of 
hnckets  u-crc  employed  the  steam  would  issue  from  it  with  much 
residual  velocity. 

In  order  to  abstract  this  as  far  as  possible,  a  set  of  guides 
is  interjx>sed  which  redirecls  the  Meani  leaving  the  first  row  of 
moving  blades  into  a  second  sci.  The  velocity  of  the  jet  is  thus 
reduced  by  each  reversal  in  the  moving  blades,  and  this  procc» 
is  carried  out  as  many  times  as  may  lie  necessar>'  to  absorh 
the  initial  velocity  of  the  jet,  TIiuk  the  steam  in  each  stage 
19  altertiately  accelerated  in  the  nozzle  and  retarded  in  the  bla<les, 
IjOw  shaft  velocities  are  sceurcd  by  this  arTanpcmcnt,  but  this 
is  largely  due,  however,  tu  the  use  of  large  diinneierti  of  wheel 
and  to  the  fact  that,  generally,  a  very  small  arc  of  all  but  the 
last  wheel  is  being  ai.lcd  u|Mn  by  the  nozzles  at  one  time.  Tliis 
construction  makes  desirable  a  hne  axial  clearance. 


THE  ZOELLY 
The  idea  of  compuundiug  bait  twen  ajiplied  in  a  slightly 
different  maniier  in  the  Zoclly  turbine,  a  cross  section  of  which 
is  shown  in  Figure  2.  One  wrciion  of  the  lurbinc— the  high- 
pressure  end— consists  of  several  tangential  impulse  elements 
arranged  in  separate  comiKirlmenls.  Kach  is  lilted  with  a  mim- 
lier  of  noKzlcs  in  which  part  of  the  cxjiaiision  is  carried  out.  and 
the  velocity  imnicdiaiely  abstracted  in  the  buckets.  In  the  later 
stages,  however,  a  different  construction  is  employed  by  reason 
of  the  increased  vohune  of  steam.  The  nozzles  are  Iterc  slotted 
in  the  wall  of  each  compartment,  and  the  steam  flow  is  in  the 
form  of  an  annular  jet,  striking  the  bucket  in  the  manner  of 
the  De  I^ival  turbine.  I'o  a<.*commodate  expansinn.  the  radial 
width  of  the  nozzle  parts  arc  progressively  iiKreased  to  tlK  end 
of  the  turbine.  The  princ)|>al  feature  of  the  Zoclly  turbine  lies, 
however,  in  the  construction  of  the  disc  wheels  to  accommodate 
extraorrlinarly  high  |>eriphera1  speed*.     The  tmckets  consist  of 
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ibc  bucket  wheels  are  surrounded  by  stationary  metal  shroud- 
vrhccts  to  prevent  raOtat  escape  of  the  steam.  Tlie  sides  of  tlie 
buckets  are  further  inclosed  in  shcct-stcci  housings  lo  reduce 
the  windagv  itial  would  occur  with  exposed  buckets  of  such 
length.  Complete  reversal  of  the  steam  jet  is  impossible,  and 
the  action  is  similar  to  tlial  of  the  familiar  Pcltou  wheel. 

THB  RATkAU 

Professor  Ratcau.  in  his  later  form  of  tiirhine,  has  discarded 
the  simple  trnjiiicl  eU'iiii-m  and  eiiiplovtd  the  sulKlividcd  clement 
to  a  slill  greater  extent  than  any  herein  before  described.  Figure 
4  sliowi<  a  section  of  a  Ratcau  lurbim-  of  25  stages.  Annular 
ntuEzles  arc  providc<l  in  each  division  wall  Ijctwceu  stages.    The 
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Mages  being  numerous,  the  preuure  drops  are  small,  such  Uiat 
the  nozzles  rcfjuirc  no  divcruencc.  Tlic  increasing  nozzle  area 
is  secured  through  increasing  ihc  arc.  or  iierccniagc  of  total 
circiunfcrcncc.  rallicr  ilian  the  nozzle  width,  as  in  the  Zoellv 
form.  Thus  in  the  laier  stages  a  complete  annular  jet  results, 
and  the  cnlirc  periphery  of  ihc  wheel  is  m.nle  use  of.  Tliis 
seemit  »  <!ecided  siq^  in  the  <lircinion  .>f  re«lucing  fluid  velocities. 
but  even  this  form  is  subject  to  frictional  U^sscs,  due  to  large 
disc  arm  og^'raiing  at  high  sjx'cds  in  dense  media. 

A  still  furtlicr  inelliod  of  securing  the  advantage)  of  coiii' 
pounding  is  represented  in  tlie  construction  of  the  Parsons  lur 
bine,  which,  however,  antedates,  both  in  cotKeption  and  intro- 
duction, otiier  fomLt  nf  moiU-ni  steam  turbines. 
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THE  fARSONS 

111  the  typt-s  pri-vinusly  dt'scribtd,  Uic  uriginal  impaa  ele- 
iiitiit  has  been  made  use  of  in  simple  or  i.'umpoundcd  fomi.  lite 
pressure  fall  Iwing  seaircd  by  iii>2zlcs  and  the  velocity  abslracied 
by  vanes.  Thus  each  bucket  wheel  iiresiimahly  rotates  in  an 
atniDspliere  uf  uni/onn  pressure  ut  all  points.  Mr.  Parsnns.  how- 
ever, early  conceived  the  idea  of  so  clesi^^ning  and  locating  tin- 
turbine  vanes  tlut  they  slio;ild  |>crrorni  the  functions  of  bucket 
and  nozzle  as  well,  at  the  sainc  time  confining;  the  steam  lo  the 
jwriphery  of  the  wheel  in  order  to  avoid  superficial  friction  on 
large  disc  areas.    Tlie  actual  construdioii  of  this  type  of  turbine 
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is  SO  Well  known  as  to  require  only  [lassing  comnienl  here.  By 
reference  to  l-"igiirc  5,  which  shows  a  typical  section  of  a  Wcst- 
inghouse- {'arsons  turbine,  it  will  be  seen  ihat  the  steam  volume 
profiTcssivcly  increases  from  inlet  A  to  exhaust  B  in  the  annular 
ipaiV  hrtween  st^tor  and  rotor.  I1ie  entire  exjiamtion.  which 
is  approximately  adiabatic,  is  carried  out  wtlhin  this  annular 
c<>ni]>artment,  which  essentially  i-orresjionds  to  a  simple  ^teatn 
noule.  There  is  tliis  <liflfcrencc,  however,  that  whereas  in  a 
nozzle  the  heat  energy  of  the  entering  steam  is  expended  u]>oii 
itself  in  producing  high  velocities  of  efflux,  in  the  Parsons  lur- 
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\nne.  llie  total  velocity,  due  to  expansion.  »  subdividctl  in  & 
miinhcr  of  steps,  in  each  of  \vliidi  it  it  redurol  tlinnigli  llic 
<Iytiaiiiic  relation  of  jel  and  vane,  so  that  a  coniparaiivcly  low 
velocity  is  tnainlainvtl  fruin  inlet  10  exhaust:  this  yt-neraUy  vary- 
ing from  150  feet  |>er  second  a^  a  niininnnn  at  the  high-pressure 
enil  to  about  600  feet  per  second  as  a  maximum  at  (lie  low- 
pressure  end,  The  action  of  the  steam  in  this  turl>in«  differs 
from  other  types  also  in  this  respect,  that  the  steam  expands 
in  tlie  ring,  2.  of  moving  hlaJes  (see  Figure  rt)  sa  that  a  re- 
active effect  is  produced  in  adilition  to  the  impulse  of  the  stcatn 
fruui  I.  The  total  l"r<i»e  prudnced  at  thv  >haft  from  ring,  j, 
01  moving  blades  is  therefore  due  to  impact  of  steam  front  1  and 
reaction  from  3.  This  process'  is  repeated  ia  each  elanent  of 
ilic  tnrliiiK-.  and  the  average  velocity  may  be  maintained  at  a 
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uniforudy  low  figure  througliout.  It  is  evident  tliai  lien;  fric- 
tiunal  losses,  due  to  high  velocities  of  cfHux,  arc  largely  reduced. 

A  lonjfiiudinal  sretinn  of  ilie  iiirhiuc  !>  shown  in  Figure  5. 
Steam  enters  at  i"  through  a  i^jpi^L  valve  /'  u-hidi  is  controlled 
by  the  governor.  ]>ag«ing  through  the  various  stages  of  the  tur- 
bine to  the  exhaust,  the  sleaui  then  discharging  \trlically  down- 
ward into  the  condenser. 

Ill  order  to  neutralize  the  unbalanced  axial  thrust  rcsulUi^; 
from  the  pressure  of  the  steam  upon  the  various  drums  of  the 
lurhine,  )>alance  pistons.  »Ik>wii  at  P,  Figure  5.  are  used,  iIksc 
being  ct^ual  in  area  to  the  effective  areas  of  the  various  drittns 
with  which  their  pressures  are  equahiuil  by  (wrls  or  pi|te*  li. 
WlMicver  the  distrihuli<.n  of  pressures  within  the  turbine.  du« 
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lo  varying  loadi.  tlie  resultant  ihriut  against  the  pistons  is  at 
all  limtrs  c(jual  and  opposite  to  the  resultant  thrust  against  the 
Wades,  so  that  ibc  rotor  rnnains  praclteally  in  equilibrium.  The 
small  alignment  Waring,  T,  is  cmploynl  simply  lo  preserve 
proper  adjustment  of  axial  clearances  between  moving  and 
stationary  blades,  and  takes  no  thrust.  The  balance  pistons  re- 
volve vvitliin  their  casings  with  a  cluse  fit  but  without  moclianical 
friction,  tbcir  peripheries  being  deeply  grooved  so  as  lo  interpose 
so  devious  a  patii  for  steam  attempting  to  leak  paitt  tlie  pistons 
as  to  render  los>  from  this  source  of  no  great  importance. 

An  important  feature  of  the  parallel-flow  turbine  is  thai 
the  entire  annuht.'i  betiveen  rotor  and  staior  is  entirely  filled 
with  working  steam.  This  allows  large  axial  clearances  between 
moving  an<i  stationary  blades  to  \*e  cmplojcd  without  loss  in 
efficiency ;  in  actual  practice,  this  is  never  less  than  onc-cighlh 
inch  and  in  large  blades  i$  a»  much  as  one  inch.  In  all  forms  of 
impuUe  turbines.  sc|>aration  of  nozjtle  and  vane  results  in  surface 
friction  of  the  jet.  and  jwirlicularly  an  enlrainmcnl  of  the  sur- 
rounding almosplicre.  resembling  in  effect  the  steam  injector, 
thus  increasing  fluid  friction. 

It  has  been  often  held  that  unless  a  very  high  vacuum — in  fart 
an  almost  iincomnicrcial  one — be  provided,  the  economy  of  the 
turbine  will  suffer.  This  may  he  true  in  certain  types  in  which 
there  arc  idle  portions  of  the  bucket  wheels  rotating  in  dense 
media.  In  the  i>arallol-fiow  turbine,  however,  losses  from  this 
source  are  not  so  much  in  evidence,  hy  reason  of  the  fact  that 
(be  steam  is  confined  to  the  annulus  and  the  entire  circumfer- 
ence is  active  in  producitig  tortiuc,  thus  reducing  the  proportion 
of  friction  lo  useful  work.  By  reference  to  the  accomiMnying 
table  of  tests,  it  will  he  found  that  the  results  from  turbines 
operating  under  poor  vacua  are  not  less  excellent,  relatively, 
than  those  ohinined  with  high  vacua. 

Altliough  small  axial  clearances  are  unnecessary,  it  is,  how- 
ever, desirable  to  employ  as  small  clearances  as  possible  be- 
tween blades  and  castings  in  order  to  economize  the  leakage  of 
steam  from  stage  to  -stage  without  doing  work.  The  extent  of 
ibis  leakage  is  liable  to  be  largely  ovcrcslimalcd  if  the  follow- 
ing point  is  not  borne  in  mind:  a  jKiinl  which  in  a  considerable 
measure  offsets  the  loss  from  this  source.     In  a  machine  of  given 
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iize,  tlie  radial  clearances  between  Ihc  ends  of  blades  and  the 
walls  of  Ilic  turbine  would  prcfturnaMy  Iw  constant.  The  greater 
leakage  would,  iherfforc.  naturally  occur  at  the  high-pressure 
end  of  the  turbine  or  at  the  bi:ginniiig  of  llie  ex|>ansion.  By 
Ihc  time  the  lower  stages  of  the  turbine  have  been  reached,  the 
total  volume  of  the  steam  has  become  so  great,  compared  with 
the  clearance  area,  tliat  the  latter  becomes  unimportant.  All 
leakage  steam  returns  energy  to  the  working  steam  in  the  form 
of  heal,  as  its  action  is  similar  to  wire  drawing  in  a  rcMricted 
passage:  hence  it  is  supcrhratcd  to  a  slight  degree  and  serves 
to  partially  dn,-  the  working  steam,  which  contains  consider- 
able moisture,  due  to  adiahatic  expansion. 

An  interesting  |>oiut  in  turbine  work  is  that  local  tempera- 
ture conditions  vary  but  little  during  operation  and  on  steady 
loads  are  absolutely  constant.  The  reversals  of  temperature  in 
a  reciprocating  engine  cylinder  have  no  equivalent  in  the  tiir* 
bine.  Thus  the  temperature  of  rotor  and  stalor  are  at  all  points 
approximately  equal  to  that  of  the  steam  in  the  corresponding 
expansion  stages.  Generally  the  stator  is  made  of  cast  iron  and 
the  rotor  of  steel,  so  that  ihe  differential  expansion  tliat  miiM 
necessarily  exist  between  them  has  the  effect  of  increasing  or 
decreasing  the  axial  clearanoe*  between  ninning  blades  at  dif- 
ferent loads.  This,  however,  is  uninijioriant  with  this  type  of 
turlnne,  because  of  tlic  ample  clearances  provided.  The  exhaust 
end  of  the  turbine  is  bolted  to  the  bed-plate,  while  ttie  Meam 
end  is  provided  with  a  sliding  fool  working  between  machined 
ways  on  the  bcd-platc.  so  as  to  permit  the  turbine  to  expand 
as  it  will.  In  types  of  turbines,  however,  where  small  axial 
elearancL-.s  exist,  this  question  of  differential  expansion  ts  not 
such  a  simple  matter. 

As  is  well  known,  the  blade  construction  of  tlie  Parsons 
turbine  consists  of  numerous  radial  blailes.  which  are  rolled 
out  in  long  .*trips.  cut  to  the  projK'r  length,  and  caulked  in  posi- 
tion around  the  peripherics  of  the  rotor  and  stator.  This  con- 
stnidion  has  sometimes  been  consiclere^l  as  contlituling  an  ele- 
ment of  complexity,  which  furtlicrmore  is  not  conducive  lo 
low  co«t.  In  actual  practice  it  is  found  tltat  with  this  eonstmc- 
lion  the  blades  are  never  released,  except  through  some  special 
cause,  and  are  of  immense  advantage  in  economizing  the  delays 


due  tQ  accidents,  which  arc  now  and  Uien  encouitiered  iii  ilie 
must  perfect  median  ism.* 

A  turbine  oiKiicd  up  for  inspection  is  shown  in  Figure 
7.  Uy  placing  the  shaft  in  a  sling,  the  rulur  can  bt  lifted 
uut  hy  a  crane  and  the  entire  interior  examined.  Sucli  a  lurbtiie 
can  be  taken  apart  and  completely  reassembled  inside  of  two 
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hours,  ivhich  can  not  be  said  of  many  types  of  prinw  movers  now 
known  to  us. 

In  any  ly]M.'  of  turbine  it  is  necessary  to  provide  ^lantU 
at  the  end  of  the  casings  to  prevent  the  escape  of  sieani  ur  the 
influx  of  air  into  the  turbine  at  the  point  of  entr>'  of  the  sliafl. 

*$urli  «i:ciilcni&  arc,  however,  of  r>ire  ouurrenre.  and  one  lh>t  may 
be  aiiribuieil  li>  Ihe  liUiliiiK  conntrutilun  ha*  ym  i»  htppen.  On  on« 
occasion,  an  cxpanilinic  cxhauM  |)l|>e  thai  hud  brrn  too  fiimly  anchotcd 
at  the  lotrcr  end  uccaEiioneiJ  sulKcicTit  ditlorliCin  o{  the  turbine  <a«ili|[  (o 
deilrAv  several  tovs  of  bl^ilct.  The  (uriiinc  wa*  immedidicly  shut  donn, 
llic  cu»ini{  i>|ieiird  and  tlie  dtbri*  tnoved  aiouy.  Ii  wnt  then  acin  put 
under  steam  ami  conlinucd  in  fii1Mii»U  service  during  Ihe  dxy  without 
further  trouble  or  ap|>nrent  effect  on  its  cnp.-icity.  At  nighi,  after  exiia 
bladiaic  bad  arrived  from  the  factory,  the  machine  «a<  again  opened  and 
Ihe  dnmHurd  ran*  replaced.  The  repair*  were  caiiicd  out  duiiof  nerctal 
night*,  but  the  (arblne  naa  kept  opcraiinic  eirry  day.  The  accident  ktpl 
ihe  lurbitie  out  of  tvrvice  for  aboiti  three  hourt. 
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Air  leakage  is  particularly  ilclriiiicntal  in  cas«  where  it  is  <le- 
stral)le  lu  maintain  liigli  vacuum.  Various  forms  of  psckinf; 
gtands  have  been  used,  bm  llu-  later  tyiw  Westinghoiisc-Parsous 
turbines  are  filled  with  an  arranyemeut  of  watcr-sealcii  glands. 
They  require  no  Inbricalion  and  it  is  impossible  for  any  oil  to 
es<.'a|>e  from  llic  hearinjjs  i^r  tlie  lubrication  system  into  the  &teatn 
spaces.  Tiu'rc  are  no  rubbinp  surfaces  in  these  glands,  and  it 
is  found  that  they  do  not  wear  out.  The  water  used  for  sealing 
them  is  small  in  (gnamity.  but  it  is  itoi  necessarily  lost,  as  it 
may.  in  a  power  ])lanl,  be  taken  from  the  ft-cd-pitmp  delivery 
and  returned  to  the  feed-pump  suction. 

Tlic  method  of  governing  employed  in  the  Wcstingliouse* 
I'ar^nns  turbine  consists  essentially  of  the  admission  of  bigli- 
pressure  steam  in  pulTs  at  constant  periods,  but  with  varying 
duration  according  tu  the  load  ii{>on  the  machine.  At  light 
luadii.  the  valve  I'  opens  for  Imt  a  fraction  of  the  [period  and 
remains  closed  during  the  greater  part.  As  the  load  iiicrea5c&, 
the  valve  remains  lonfier  open  until  at  slight  overloads  con- 
tinuous full  i)rcs.sure  is  obtained  in  the  high -pressure  end  of 
the  turbine.  The  operations  of  this  valve  are  well  shown  in 
■''igure  K.  which  is  a  facsitiiile  indicator  card  taken  froin  the 
ailmiiision  ]x>rl  A. 

On  the  load  l>cing  still  further  increo-^ed.  an  auxiliary  or 
secondary  valve,  designated  f's,  begins  to  open,  admitting  steam 
to  a  later  stage  in  the  turbine  where  the  working  Heam  :iriNi> 
arc  greater,  thus  increasing  in  proportion  the  total  power  of 
the  turbine.  Tlie  governor  auiomaiically  controls  the  operation 
of  this  secondary  valve  in  the  sanic  manner  as  the  primary  lalve 
(''.  so  tliat  enormous  overloads  may  be  carried  during  emer- 
gencies with  but  little  loss  in  economy.  The  performance  of 
lliis  secondary  valve  may  be  seen  in  Figure  t) — a  test  upon  a 
400-kw  turbine — where  an  overkiad  was  carrie<I  to  76  |ier  cent 
with  a  steam  consumption  varying  but  slightly  over  eight' per 
cent  from  that  nf  maximum  efficiency. 

This  intermittent  admission  of  steam  to  the  turbine  docs 
not  in  the  least  interfere  with  it*  unifomiily  of  rotation,  by 
reason  of  tlie  short  period — 160  periods  per  minute — and  the 
high  inertia  of  the  n>tating  jtarts,  On  the  other  hand,  it  is  pro- 
■Inctive  of  considerable  gain  in  economy  at  light  loads  by  main- 
laifiing  a  temperature  range   greater   tlian   would   be   possible 
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if  ihe  steam  were  throttled.  Further,  the  continual  reciprocating 
motion  transmitted  from  the  shaft  eccentric  to  the  admission 
valves  through  the  governor  occasions  a  shght  disturbance  in  the 
latter  which  overcomes  friction  of  rest  due  to  the  sticking  of 
parts,  so  that  the  sensitiveness  of  the  governor  is  largely  in- 
creased. As  a  result,  the  speed  regulation  may  be  kept  within 
two  per  cent  between  friction  load  and  full  load,  or  one  per  cent 
either  side  of  mean  speed.  Full  loads  or  overloads  may  be 
thrown  o(F  or  on   without  causing  greater  disturbance  than  a 
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momentary  surge  of  four  or  five  per  cent  in  si>eed.  On  the 
larger  size  turbines,  the  governor  is  supplemented  by  a  special 
automatic  centrifugal  safety  stop,  mounted  at  the  end  of  the 
shaft,  which  actuates,  by  means  of  high-pressure  steam,  an 
auxiliary  self-closing  throttle  valve  located  in  the  main  steam 
pipe  supplying  the  turbine.  The  safety  stop  may  be  set  at  any 
predetermined  speed,  which,  if  attained,  causes  the  turbine  to  be 
bfought  to  rest.  It  is  employed  mainly  as  a  precaution  against 
damage  due  to  any  possible  derangement  of  the  governor 
mechanism. 

Perhaps    no   detail    of    turbine    mechanism    contributes    so 
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largely  to  its  successful  opcralion  at  llig  speeds  cncounWrcd  as 
the  flexible  bearings  employed  in  the  Parsons  turbine.  TlKse 
bearings  consist  of  a  nest  of  loosely  fitting  concentric  bronze 
sleeves,  of  sufficient  clearance  to  permit  tlie  formation  of  oil 
films  whicli  act  as  cushions,  thus  permitting  a  certain  amount 
Dt  vibration  of  the  shaft,  but  at  tlie  same  lime  restraining  such 
vibration  within  narrow  limits.  This  eonstruciion  t>  particularly 
Useful  when  the  rotor  has  reached  it&  critical  »]H-ed.  which 
occurs  at  a  time  when  the  rotor  changes  from  its  geometric  to 
it>  gravity  axis.  For  the  larger  turbines,  however,  and,  in  fact, 
for  all  machines  rumiing  below  1200  revolutions  per  minute. 
the  flexible  l>earing  is  no  longer  found  necessiry  and  is  replaced 
by  a  solid,  split.  sclf-aligiiin|^  bearing,  lined  with  anti-friction 
metal,  as  in  the  ordinary  fonns  of  low-sjiced  macliinery. 

In  cither  form  of  Iwartng,  whether  solid  or  flexible,  the 
viscosity  of  oil  films  is  depended  upon  to  bear  the  entire  weight 
of  the  rotating  memlwr  and  separate  the  shaft  and  bearing 
sufficient  to  entirely  prevent  metallic  friction  and  resulting  wear. 
Tile  projected  areas  <>i  the  journals  are,  ihereforc,  so  propor- 
tioned that  simple  flushing  of  the  journal  from  a  small  posi- 
tively-driven oil  pump  is  sufficient  to  supply  the  bearings  with 
oil.  thus  eliminating  entirely  the  use  of  forced  lubrication,  as 
ordinarily  imdcrstood  to  mean  oil  under  high  pressure  Tlic 
oil  is  applieil  to  the  bearings  at  the  point  of  lowest  pressure, 
entering  through  an  aperture  in  the  top  and  following  gfomes 
within  the  inner  shell,  by  which  it  is  distributed  around  (he 
shaft.  A  static  head  of  one  to  three  feet  maintained  by  the 
oil  pump  is  sufficient  to  flush  the  bearings  thr>rouglily.  Ai 
the  piunp  is  driven  from  the  turbine  itself.  liability  of  a  shut- 
down from  cessation  of  oil  supply  is  remote. 

The  lubrication  system  is  a  closed  system  comprising,  in 
the  order  of  their  arrangement,  pump.  oil.  cooler,  bearings  and 
reservoir.  The  only  norni:tl  losses  are,  therefore,  due  to  evapo- 
ration. In  praclicc,  one  charge  of  oil  will  last  for  several  months 
without  being  changed,  and  ai  ihe  end  of  this  period  it  is  usual 
to  filler  and  return  it  to  the  turbine. 

In  a  number  of  turbine  plants  that  have  l>een  in  operation 
for  some  time,  the  oil  required  to  operate  the  turbine  averages 
altout  a  fourth  of  a  gallon  per  kilowatt  capacity  per  year,  or. 
in  other   words,   about    100  ^llons  for  a  400-kw   turbine  per 
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year,  Uie  oil  being  a  higli-grade  engine  oil.  As  this  oil  costs 
from  25  to  50  C4;nt»  \kt  gallon,  tlic  irxpens?  of  oil  does  not 
usually  ainotinl  tn  ov«r  7.5  to  13.5  cents  a  day.  Ercn  this 
flight  cxpcnsi-  is  not  all  directly  chargeable  10  the  turbine. 
as  it  is  commoi)  practice  to  use  tlte  oil  that  is  removed  from 
the  circtdattng  system,  in  anxiliaries  and  other  low-spocd 
machinery. 

TUWIISE  KENSRATORS 

Tt  \s  an  interesting  fact  that  owing  to  the  introduction  i^f 
steam  turbines  ilic  Rcneral  characteristics  of  gcncratinR  appa- 
ratus have  been  miii!ific<!  to  a  wiiU'  extent,  and  in  poinin  of  nm- 
ning  speeds  have  returned  to  the  practice  of  the  first  builders  of 
electrical  machinery.  Owing  to  the  restrictions  placed  U|Kin  the 
deiigiicrs  by  reciprocating  engine  speeds,  the  dimensions  and 
bulk  of  engine-type  generating  machinery  has  of  late  years  be- 
oome  enormously  increased:  similarly,  the  cost  of  construaion. 
With  the  advent  of  the  turbine,  however,  speeds  have  lieen  in- 
creased to  such  a  jwint  as  to  secure,  in  the  generator  construc- 
tion, minimum  hulk  and  cost  consistent  with  strength  and 
durability.* 

The  turbine  generator  is  more  easily  applied  to  alternating- 
current  work  for  the  reason  that  commutation  difficulties  in- 
volved in  direct -current  machinery,  running  at  high  speeds,  are 
avoided.  The  preferable  construction,  therefore,  comprises  ro- 
tating field  and  stationary  armature  In  present  turbine  gen- 
erators the  armature  constrtiction  is  not  essentially  different 
from  that  of  the  ordinary  engine-iype  machine.  In  the  con- 
struction of  the  field,  however,  the  cenlrifugal  stresses  necessi- 
tate a  construction  of  greater  inherent  strength.  Recent  prac- 
tice enil>races  two  designs:  one  of  built-up  fonn  used  in  six  or 
more  pole  fields,  and  the  other  of  a  solid  sleel  canting  thoroughly 
annealed,  bored  for  the  reception  oi  the  shaft,  and  slotted  axially 
for  the  recejition  i>f  l«ir  or  strap  tvinditigs,  which  are  insulated 
and  confined  in  position  by  wedges,  this  being  for  two  poles. 

*A  pcnineni  compariioa  may  be  made  In  ihc  (wo  lyprs  ol  joookit 
gcneraiors  which  will  lorm  ih«  poifct  ttiuiiiincni  ol  ihc  Rapid  TtanBii 
■ubway  in  New  Vojic  city.  The  cn^inc-lf^pe  kcti  eta  tors,  run  «t  75  r.p.m.. 
are  approximalcly  40  (eel  In  diameier  and  weigh  9^0,000  pounii*.  The 
turbine  genera to»>,  on  the  other  hand,  run  11  j^o  r-p.m.,  are  la  feri  b  inrhrs 
In  diameter  and  weigh  134,000  pnunil*.  the  weighl  u(  journals  and  shatl 
cxeluded  In  each  cu»e.  The  cn{clne-iy|ic  Kcncralors  have  40  poles  and  the 
lurtN>-KeneTator>.  tuur,  |;ivin|[  the  wme  Ircqucncy — IS  cycle*  pet  accond. 
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The  turbine,  however,  makes  possible  the  u»e  of  a  ttJU 
further  ty|>e  of  generator,  which  altlimtgh  presenting  tlifBailtics 
in  design  at  ordinary  <mginc  speeds,  becomes  ideally  suited  foe 
direct  cofinccltoii  to  the  turbine,  both  by  reason  of  its  electrical 
chantcteristks  and  its  inherent  sirciigih  of  mechanical  construc- 
tion. It  is  well  known  llut  if  the  ordinary  »<jiurreli-agr  in* 
ductifM)  motor  runs  below  synchronism  with  the  system  uinn 
which  ii  is  o]>eraied.  it  will  absorb  power  from  that  system  pro- 
ponionatc  to  the  slip  or  drop  in  speed.  If  it  is  run  in  ivnchro- 
nigm  lliercwilh  by  external  means,  it  will  absorb  no  power;  and. 
if  run  above  s>TJchronisni.  il  will  become  a  generator  and  nrtuni 
electric  power  to  the  system. 

When  running  below  synchronism,  the  greater  part  of  the 
current  absorbed  by  the  motor  appears  as  power,  but  a  small 
part  is  consumed  within  the  motor  lUn-li  in  magnetizing  its  ro- 
tating field.  When  run  above  synchronism,  the  motor,  now  * 
generator,  still  reipiires  m.-igncii):ing  current  from  the  line  to 
which  it  is  connected.  It  is  therefore  incajjablc  of  u|)er3ting 
by  itself,  an<l  nm:<.l  be  run  in  cormeaion  with  other  synchronous 
machinery  capable  of  supplying  its  magnetizing  current  and 
controlling  llie  fre<jiiency  of  the  system.  i 

llie  in<ltiction  or  iion-synchronous  generator,  unfortunatdy^fl 
unpOfie»  a  lagging  current  upon  the  supply  systctii.  but  the  power  ^ 
factor  can  bt-  brought   within  a  few  |>er  cent  of  unity  so  tliat 
the  effect  upon  the  system  may  be  readily  neutralized.      Its 
pecidiar    electrical    characteristics    ini[Msc    limit;)^!!^!!   u|xki    its 
general  use  for  power- stati<^>n  work,  but  wIko  employed  in  con 
junction   with   other   synchronous  apfnaratus.   such  as  ordiiur; 
altematoT>.   synchronous   motors  and   rotary  converters,   it 
comes  i>cculiarly  suitable  for  exiensioii  to  a  i»<>wer   system   i 
which  the  limit  of  generator  capacity  has  already  been  reach 
With   the  apparatus  nwnlionctl.   panicularly   with   snichronnus 
motors  and  rotary  converters,  a  siifhctent   leading  current  may 
be  impressed  ujxm   the   system   by  over-exciting   iIk  ticlds   o 
these  madiincs  to  nctUralize  entirely   die  effects  of  tlic   nag- 
netizing.ciUTcnts  re<|uircd  by  the  induction-motor  generator,  so 
that,  in  general,   if  existing  ajiiiaratus   is   ample   to   care    for 
existing  inductive  loads  with  reasonable  margin,  the  ittdueti 
generator  can  Iw  employetl  to  great  athantage. 

A   feature   that   is  particularly   favorable   in   rendering 
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sittiabk-  for  turbiiK-  driving  is  that,  Hy  largely  reducing  llic 
number  of  poles,  the  inagiiclizing  ciirreiits  may  he  largely  re- 
(Itu.-e«l.  For  this  rca»on,  the  hiiiitation»  of  thi.-  iiidiKituti  gcitcr- 
alur  occur  largely  in  the  dircclion  nf  bulk  rather  lliaii  other- 
wise.  As  it  miiiH  (ipcratc  at  ibe  comparatively  high  ^pcol  of 
the  Itirbines.  it  in  lhu&  |K)S.sihtc  to  rc-iluce  ilie  numlx^r  oi  pole« 
to  a  few  ]>airs,  so  ihat  the  tus&es  alx'vc  tiu-iitioned  are  tiiiiiimizctl 
and  the  generator  ht-i-ometi  oojiimiTi-iatly  pranii-able.  Ami  as 
the  s^uirrcl-cage  construction  ui  the  rotor  is  peculiarly  well 
ftuiied  for  high-S|)tred  work,  we  are  fonunate  in  having  here 
one  of  ilic  few  cases  in  which  ilic  electrical  ait'l  niechaiiica] 
roii'lilions  governing  generator  ami  prime  mover  are  almost 
exactly  suited  to  each  other.  In  general,  the  higher  the  S|>cecl 
al  vvliicli  llie  maehiiu's  can  he  safely  0|)eraieil,  lite  less  llw 
iiiaierial  necessary  a»<I  the  stnaller  the  losses.  reMilling  in  an 
cxtraor'linarily  high  efficiency  and  power  factor. 

For  example,  in  a  iwo-pole.  fio-cwie,  induction  generator 
of  500  kilowalCs.  running  al  3(>oo  r.p.m,.  the  |)ower  factor  may 
lie  brought  as  high  as  c^l  |>er  eenl  or  higher  at  full  load,  and 
the  lotal  i-fliciency  will  he  far  greater  ilian  ihal  of  present 
generating  inacliinery. 

ECONOUY 

As  one  nf  the  principal  etaim^  that  the  ttirbinc  makes  is 
economy  of  steam,  and  consc«|Uciitly  of  fuel,  a  few  olvwn'alioiis 
may  l)e  made  uynyn  this  subject.  .\s  is  well  known,  high 
economy  has  been  obtained  wilh  the  Inrbine  njicraliiig  under 
favorable  condilinns.  but  as  al^iraci  figure:*  of  sicani.  heat  or 
fuel  consuniptinn  rarely  convey  an  adequate  idcji  of  the  actual 
merits  of  the  prime  mover  in  qiicMion.  it  i«  neei-ssary  to  examine 
the  conditions  under  which  these  results  were  obtained.  The 
Table  of  tests  has  t)c*en  |irepared  with  a  view  lo  presenting,  in 
as  concise  shape  as  possible,  ibe  results  of  several  humlrcd  tests 
upon  turbine>  of  all  ^Izits  and  under  all  cDndilions  of  ojierattun. 
Uie  headings  iK'ing  arranged  Mttb  reference  to  lhci>e  con<litions. 
The  tests  were  conducted  in  the  letting  dqiarlmnii  of  the  West- 
inghouse  Machine  Company  at  liast  I'ilisburg.  where  eiery 
turbine  put  through  the  shops  is  thoroughly  tested  before  ship- 
jTient. 

Columns  51  and  52  give  results  un<!cr  moilcratcly  favor- 
able conditions — 150  pounds   jiteani   pressure.   j8-inch   vacuum 
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aiul  iSodegrei-s  su|icrli<.-at ;  ami  iti  columns  i  and  3  will  be  found 
ttsis  under  decidedly  itnfavorahlif  i-onditi<>n» — IJ5  |K>ntids  pres- 
sure, y^t-incli  nitrniry  vaciitmi  and  saturatc<l  steam. 

The  icslinK  dcparinintt  provides  facilitic!^  for  the  accoiimio- 
Oalion  of 

Four  tiirbini-*  oi  wtiall  t.apai.-tl_v  np  tu  500  ktlnwatts 

Four  (iirbtiics  of  20oo-kw  capacity 

*Tvvo  lurbiiics  of  soookw  capacity 

This  is  sumcn'lial  of  a  radical  dcpanure  in  nianufaduring 
tnialhods.  and  is  entirely  imprecediMiieu.  Al  prwcnl,  il  is  «n- 
iistial  practice  anion^;  gencratnr  builders  to  dclemiinc  efficiency 
in  large  machinery  by  other  than  the  motor-Bcncrator  nietlKHl. 
and  in  the  largest  sizes,  sitcb  as  the  3000-kw  Manhattan  gener- 
ators, the  machine!'  are  not  cvvn  turnci!  over  in  the  factor*-; 
similarly,  engines  above  500  to  1000-hp  arc  seldom  lesic«t  in 
the  shop,  and  larger  sizes  are  fhipped  without  having  steam 
tnmcd  into  them.  It  is  thus  of  peeuliar  interest  thai  ihc  lar;;esl 
iiirbinc  units  will  he  tested  nniler  >tt'ani  at  the  shops.  The 
testing  equipment  comprises  boiler  plant,  a  gas-tired  su)>cr- 
heaier  and  four  iiidcpeiuleiil  *nrfaee  c«>ndeiHin|^  i>ntlit.>,  rang- 
ing in  size  from  i(xx»  square  feet  up  to  lo.ooo  sr|iiarc  feet 
surface. 

llic  condensers,  with  the  exception  of  the  smallest,  are  alt 
uf  the  "  coiinlrr-iurreiil"  iyi>e.  exhaust  steam  being  admitted 
from  beneath.  The  condensed  water  is  received  in  a  hot  well 
located  W-low  the  omdeiisers.  and  the  air  is  withdrawn  from 
the  top  by  two-stage  dr>'  vacuum  piunps.  These  are  cajiable  of 
maintaining  a  vacuum  within  half  an  inch  of  the  barometer  with 
a  rIose<!  suclion.  The  vacuum  with  the  condenser  in  operation 
ik'iwnds.  uf  iijurse.  u|nhi  (lie  tem])crnturc  conihliun  within  the 
tfoiKlciuer. 

Tests  are  made  by  means  of  brakes  or  by  electric  generators 
as  desired.  For  the  lalier.  large  water  rheostats  arc  available. 
I'or  the  former,  a  sjiecial  form  of  water  friction  brake  has  been 
devif^eil.  which  has  proven  extremely  flexible  in  its  application, 
and  of  great  value. 

Steam  constnnpiion  is  detcnnined  by  weighing  coikIciim- 
lion  in  ti»e  usual  manner.  \'actunn  readings  are  all  reduced  to 
3  lua^is  of  30-inch  of  mercury,  necessitated  by  llie  clevaticm  of 
Pittsburg. 

'Tbc  Uiier  Inandaiiao*  at  ihU  lioie  are  nol  yei  comptcte. 
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The  tests  shown  »i  ooUimns  38  lo  43  of  tht  ial>le  art-  |>lottc<l 
ill  Figure  9.    This  curve  iiuljodics  the  results  of  the  iulroduclion 
of  ihc  secondary  governor  valve,  ami  shows  a  remarkahle  range 
v(  lusd  willi  higli  trcunoiiiy. 

Some  hrake  lesls  of  n   i^so-kw  lurlniir  arc  shown  plolted 
in  rigurc  10.  with  vacua  ranging  from  25  inchi-s  to  j&  inches. 

Figure  11  and  cnhtiinis  93  tu  100  sliow  xtmv  t-lcdrical  lei>i> 
of  a  similar  machine,  having  I)ecn   verified  by  Mr.  Julian  Ken- 
nedy. i-onsuhJnfr  ni)ri"i'<-''".  «i  Piiisliurg. 

Figure  u  shows  the  [dotted  ri-sults  of  tests  carried  out  at 
1 
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tlie  Wcslinghouse   Machine   Company's   works  by   Mr.   F.   W. 
Dean,  of  the  firm  of  l>caii  and  IVIain.  and  shows  a  very  good 
l>erfoTinance  for  a  small  machine. 

The   general    apifcaraacc   of    these   curves    might    fx>ssihly 
give  the   impression  of  a  poor  economy  at   hgliier  loads,  es- 
pecially to  engineers  who  have  been  accustomed  to  considering 
engine  perforniaiicc  on  a  ba«;is  of  indicated  horse-power.     When 
they  consider  such  performance  on  a  basis  of  brake  or  elec- 
trical horse-power,  they  readily   make  a  mental  correction  be- 
tween brake  or  electrical  horse-power  and  indicated  horse-power 

J 

at  full  load,  Init  Micloni  r«a1ixc  llic  fact  that  llic  mechanical 
i-fliciciiry  is  much  poorer  at  fraciional  loa<h  than  at  full  Uiarl*. 
[I  may  \k  .-mi'l  thai  the  mechanical  to&sfs  of  an  cnj^nc  arc 
appioximatcly  consiauC  at  al!  loads,  and  assummg  this,  an 
engine  tliat  lias  94  \mr  cent  mechanical  efficiency  at  full  load 
has  an  efficiency  of  but  K8.6  per  cent  at  half  loa<l,  anil  at  quarter 
li>a<l  iif  79.8  |«;r  cent.  To  i-xhihit  this.  I'igure  i.i  has  Ik-cu 
prepared  with  the  tests  already  shown  in  Figure  13  plotted 
again  with  the  curves  C  and  U  added.  The  method  of  plotting^ 
curves  (■  ami  f)  Iiirs  been  as  follow*.    Take,  for  inittancc,  curve  C: 


Fium   ic«is.  brake  horx-powei  at  nt«d  full  load,    sn-ij 


Internal  hurac>pi>KCf 


•M 


=        «3t^ 


lAH.t,  tiur*«-powcr,  37*U 

Thl>  Ids*  tia<  been  uHucncd  conxani  >i  all  load*. 
Toial  tlcani.  |]r)Bnd»  pri  houi.  ^849 

Pound*  ticam  per  li(khour, =      13.08 

tjl.OJ 

PoDitd*  »icitm  pti  hp-hour,  ahca  doinit. 

i|6io 

•ajr,  300  t>rake  hone-powtr.  = =  13.66 

.KM  +  37. M 

In  this  way,  curves  C  and  fJ  show  an  indicated  horse-power 
■pcrfonnance  at  lipht  loads  that  is  particnlarly  ijood. 

In  colunm!^  112,  133  and  1.14  are  dwwn  some  tests  on  a 
26oO'lcw  turbine  tested  under  liigh  operating  conditions.  The 
turbine,  however,  is  of  the  Parsons  type,  and  was  built  by 
Brown-Boveri  and  Company  for  the  nmnicipal  electric  power 
station  for  Frank  furl -on -.Main. 

From  these  ctirvv*  and  table  of  tests  may  Iw  gleaned  a 
nmnlter  of  interesting  facts  which  it  may  be  worth  while  to 
]Xiitit  out  here. 

finl — The  W'illans  line  or  cun-c  of  total  water  consump- 
tion is  approximately  a  straight  line  at  all  points  up  to  the 
o|)cning  of  the  ■  secondary  governor  valve  00  licavy  overloads. 
This  relation  has  an  immediale  thermodynamic  meaning  and 
points  t»  the  utilisation  of  steam  in  the  turbine  with  the  unie 
internal  efficiency  at  all  loads;  or,  in  other  words,  that  the  losses 
in  the  turbine  from  all  causes,  thermal,  ihcrmo<l>-namie  and 
mechanical,  arc  approximately  constant  at  all  load)'. 
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Stcond—'l'hc  ntccssiiy  of  hieli  vacua  and  high  superheat  is 
not  essential  to  high  ecoiioiiiy,  as  has  Iicen  heforc  alludcil  to. 
Tliis  is  shown  in  tests  uf  a  400-kw  Inrhiiic  under  ;t6-inch  vaanim, 
I  ^5  p<mii<l.s  |)res»ure  and  saturated  steam.  A  water  rate  of 
15.41  pounds  per  hrakc  horsc-powcr  *vas  obtained,  which,  al- 
though not  remarkable,  would  seetu  to  hear  out  the  supposition 
i>i  small  HuicI  friciionat  losses  within  the  turbine.  .Nnotlicr  n- 
Mih  of  14.4  pounds  sieain  per  h.h]i'hour  i>bt.ttn&d  with  a  1  J.so-kiv 
turbine  operaiinK  with  150  pounds  hoilcr  pressure  and  25-inch 
vacuum  is  of  interest. 

yViiVd — The  gradual  improvement  in  economy  with  an  im- 
proveincut  in  operating  coniiiti<ms  is  well  brought  out  by  the 
K'sts  on  the  1250-kw  turbine.  (Sec  Figures  it  and  t2. i  Uy 
increasing  the  vacuum  from  27  inches  to  28.  inches  and  the 
temperature  of  the  steam  from  that  corresponding  lo  dr>' 
saturation  to  77  degrees  F-'ahrenhcil  superlteat,  tlie  full'li>a«l 
fteam  con.'iumption  was  reduced  from  14.6  pounds  to  13.2 
pounds  per  c.hp-hour. 


POVKU.\TtONfi  ANn  I'OWRR-I'LANT  l>ESiaSS 
With  steam  turbines,  practically  no  foundations  are  neces- 
sary, merely  something  that  will  uphold  the  <kad  weight  of  thu 
machine.  Foundation  bolts  arc  never  used  ctccpl  on  shipboard. 
Operation  of  turbines  on  hghl  llooring  is  entirely  satisfactor}'. 
thus  permitting  tlicif  being  placed  on  upper  floors  of  build- 
ings. This  also  [permits  of  the  condensing  plant  being  locati-d 
inuncdiatcly  liclow  the  turbine.  By  this  means  the  total  plant 
occupying  the  minimum  amoum  of  floor  space. 

Tliis  is  the  construction  made  use  of  in  tlic  power-station 
i>f  the  Clevcbnil  and  South- Western  Traction  Cumiiany,  EKTia. 
Ohio,  and  in  the  new  power-house  of  the  Wcstinghousc  Electric 
.iiid  Manufacturing  Company.  Fjist  Pittsburg.  Pennsylvania. 

Some  typical  condenser  arrangements  have  been  prepare^! 
I'uiboilying  the  .above  principles.  Figures  14  and  15  >hi<»  n 
turbine-room  containing  four  400-kw  turbines,  all  exhanstiiiK 
into  a  central  Mirfaci-  enndenser  of  7000  scjuare  feet  cooling 
surface:  the  condenser  equipment  consisting  of  a  dry  vacuum 
pump,  circulating  pump  and  i-ondensed  water  pump  and  is  suit- 
able for  maintaining  28-inch  vacuum.  Allowing  ample  space 
for  passageways,  etc..  the  engiuc-ruoni  co\'er*  a  ^pacc  of  35  feet 
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3ti  ft-et.  The  liaM-niciil  is  14.6  fwi  ikq>.  Tht  iurbin»  arc 
ilacfO  :it  ;'-f<)Ol  l<^■iIK■ll  <-einri-» 

A  >^iniilar  arraiit;ciiicm  sIiuvmi  in  l-'idiircs  16  ami  17  nnbraccs 
four  looo-kw  itirbtiiL-  gi-iK-racurs.  In  tliis  case  the  condenser 
t'(liii|>iiieiit  anisisu  of  a  surface  coiKlen^er  of  4000  iqtiarc  feet 
stirfacc.  a  circiilatinu  piinip.  aii<i  a  condonsc-1  water  pump  for 
vmU  tnrbiiiv.  Two  air  puiiips  are  shown,  either  of  which  ts 
large  enough  to  take  care  of  the  whole  plant.  In  this  case 
the  engine-rcxnn  occupies  a  sjace  of  59  fwt  by  jf)  feet,  llie 
basement  lietiig  18  feet  <lccp,  snO  the  turbines  arc  placed  at 
13-fout  centre*. 

A  large  lurbinc-rooui  is  similarly  shown  in  I'igfures  18  and 
ii>.  conMSling  of  four  5500-kw  lurhines.  Here  each  turbine  i> 
equipped  will)  a  complete  and  independent  condensing  outfit: 
ihe  condensers  each  having  aooo  srjtiare  feel  surface.  The  tur- 
biiu-rooni  is  tot)  feet  bv  (>|  feet,  with  a  basement  2^  feet  deep; 
and  the  turbines  arc  placed  at  22-fout  6-incb  centres. 

Tabulating  the  alwve  figures,  we  have- 


NumMi 

•r 

L'aMt 


KWBll 

Cupuiir  ol 
Kach  I' nil. 


4"c 
5.5<» 


VonMl 
CapKtiy  ol 
Ent>nc-:oon. 


■I  ■000 


Kilonmi  Snukf*  Pool 

Cflia,.ity  [itr  'of  Krirliie-nhtni 
S.jiiurcFoDt  '  iirr  ^Ircirtcal 
at  EnBiaB-roain,  llaiic  poB«r 


>.i>4 
6.100 


It  will  be  observed  that  means  arc  provide<l  in  all  these 
eas«s  for  operalinj^  any  one  of  the  lurbines  non-condcnxing. 

In  all  of  these  layouts,  surface  condensers  have  been  shown, 
because  it  is  presumable  that  surface  condensers  will  be  more 
freijucntly  aiiptojed  in  connection  with  turbines  than  other 
ty|>es,  if  only  bei-ause  of  the  advantages  of  absnhiiely  clean  feed 
water  and  consccptenlly  lessened  boiler  de]»rcciation. 

Ii  is  cbiiue<l  by  condenser  builders  that  with  nuMlern  dry 
vaiHUini  pumps,  ami  a  clostfd  hot-well  system,  a  belter  vacuum 
tan  nmch  more  easilv  be  ubiained  than  with  ;i  jel  condenser,  due 
to  Ihe  fact  that  the  feed  water  does  not  become  aerated. 

The  cost  of  iiiH-raiing  a  surface  con<len*er  can.  under  favor- 
able conditions,  he  kept  vcrj*  small,  especially  when  the  circu- 
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Itaruntctric  cuiidvnscrs  make  a  \cry  siiiiaUc  type  of  coii- 
(k-iiH«r  for  large  vertical  engines,  esixfially  when  llie  steam  can 
pel  ilircct  lo  iIk-  conilcnscr  wUhoul  haviny  In  l>e  carried  ii]m-ari|. 
\\  itli  ttirbitie>  ui>ci'aiiiig  willi  llii»  (yiw  oi  CQnitcnser,  the  author 
lias  observed  that  some  work  is  required  tt>  carry  the  water  in 
the  exhaust  steam  ii>  ihe  toi>  of  the  coiuknser. 

In  one  insiance  thi*.  wa*  carefully  observed  in  connection 
with  aigoo-kw  turbitic.  The  exhaust  left  the  turbine  cylinder 
at  the  Iwtloiu.  by  nK-aii»  of  two  vIIkjus  and  atioul  six  feet  of  hnri- 
u)ntal  i>ipe,  jKissin^  up  a  vertical  pipe  n>  ilii-  i-iMnkiisiT.  Exce[>t  i  ii 
fairly  heavy  loads,  tlic  horizontal  piiw  had  water  in  il,  ob$ervc<] 
l)y  a  gauge.  The  auiotnit  of  this  water  may  lie  said  to  have 
Kt-n  ft  measure  ol  ihi-  tiHul.  The  back  pressure  due  to  this  (Mece  of 
|»ipe  and  two  elbows  together  with  the  water  lying  in  the  bottom, 
amounted  lo  tlnci'-ci;;hth>  iiicli  •>(  mercury  with  steady  had. 
If  the  load  became  less,  the  l)ack  pressure  would  disappear  until 
more  water  coUccted  in  the  i>i|K*  ami  the  sauie  ihrec-eighlhs-inch 
back  pressure  wmiUl  be  re-established.  If.  ou  the  other  hand, 
the  Ii>a<!  incresised.  thi^  back  jiresAure  would  rise  sometimes  to 
■as  hiuh  as  otie-iiKh  until  the  water  could  be  carried  a»vay.  when 
it  ivnulil  fall  back  again  i"  alxjut  the  same  ihrec-cigluhs  inch. 

As  turbines  can  expand  clown  to  the  uUnost  limits  of  ex- 
haust ])ressure — it  is  desirable  to  give  i1k-  uirbuie  every  advan- 
lage  in  this  respect — it  is  well  to  avoid  carrying  tlie  exhaust 
up-hill,  but  give  the  water  thai  nmM  necessarily  exist  in  the 
exhaust  an  oi>portunity  to  drain  a^va.v  and  kcqi  tlic  exiutut 
pipe  free. 

While  the  author  has  endeavored  to  point  out  that  high 
vacua  arc  not  neccssarj'  to  tlie  successful  o)ieration  of  steam 
Uirlmies,  the  higher  ownomy  obtained  with  high  vacuum  war- 
nmts  the  condenser  problem  being  carefully  considered.  Il  will 
W  s«-en  by  the  table  of  lesis  ll^at  each  inch  of  vacuum  above 
a'>  inches  will  benefit  the  economy  from  three  to  four  )kt  cent, 

Aivsume.  fur  example,  a  i5o>kw  turbine  being  operated 
at  full  load  for  a  day  ai  28-inch  vaamm  instead  of  26-tnrh 
vacuum,  it  will  save  approximately  one  pound  of  steam  per  horse- 
jwiwcr  iKT  hour,  nr  48.000  poumls  per  day  of  24  Iwnirs. 

If  we  assimie.  furiher.  an  evaivralioo  of  seven  pounds  of 
water  per  ptmnd  of  slack  coal  costing  $1.00  |ier  ton.  the  saving 
per  day  will  amount  to  TiR/s  |M>utids  of  coal,  or  $343 — etjuiva- 
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k-nt  lo  $iojo  per  year  oi  ,ioo  days,  TIh;  difference  in  cost  be- 
tween tlie  Iwo  condenser  c<|iiipiiieiil»  ln-nig  alxnit  $4000.  tlic 
saving  rtralizi-il  re]>re>cnts  an  iiilvrcst  rate  of  over  25  per  cent  1111 
ihe  increased  invcslmcnt.  With  coal  at  ?4-yo  per  ton  ami  aii 
evaporation  of  8.5  pounds,  tlie  saving  per  yesr  would  amottnt 
to  S3388.  reprcscnliii);  an  interest  rate  of  S5  per  fcnt. 

llicse  tignre!^  will,  of  course,  be  cijnsidcraljly  iiiodiiicrl  by 
fixed  charges  and  by  the  fact  itiat  a  ixiiver-planl  usually  operates 
for  a   pan   nf  the  time  at   fractional   toads,   under   which   the 


Fic.  20— sstxvKw  vri:iTrNuiioti«e-PAiiM>K<i  5team  Triinix* 

It   COURSH  op  CohtTHL-t-TIO.V 


Konomy  will  naliirally  lie  Jowcr,  A  poUit.  however,  thai  should 
not  he  lost  sijjht  nf  i*  that  ihc  liigher  viicnuut  gives  a  gn-ater 
percentage  gain  in  cctmoiny  at  fractional  loads  than  at  full  loads. 
In  any  event,  it  is  ap;iarciit  that  it  is  wnnli  while  to  employ  high- 
class  condensing  macllinery. 

With  air  leaks  eliminate  1  ami  a  closed  hot-well  system,  the 
air  pump  <ilionld  take  no  more  jiower  heratire  of  high  vacuum. 
.\  <lry-air  pump  will  obviously  be  doing  no  work  bcyontl  its  own 
friction  when  there  is  no  vacuum  in  the  i-ondenser.     Similarlv, 
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tt  will  be  doing  no  work  when  tliere  i»  a  ixirfcct  vacuum  in  the 
condenser  and  supposing  there  arc  no  air  leaks.  It  may  be 
interesting,  an  »  niatler  of  rircord,  thal.ihi-  rnaxiiniim  I<«nl  when 
the  air  [mmp  is  started  comes  on  when  the  vanium  is  about 
aoXo  21  inches. 

With  ihc  cirailating- water  pump,  however,  the  matter  is 
lliffcreiil.  as  it  will  have  approxiniaiely  iwo  i>r  tll^x■^•  limes  a> 
miii'h  water  |o  1ian<lle  according  to  its  inlet  tenipcratnrv  with 
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FlO.  ai— WKiiiMiiruisK-PABt^-iKs  Steau  Tibbivm  in  Cuviiakd  ami  Sot-ni- 
U'UTE«N  Tractiun  ConrANv'ft  Piiwi:j(.hol'!.e  at  Elvkia.  Ohio 


tile  higher  vaciunn.  Tlie  jHiwer  required  to  do  this  varies  in 
individual  case*,  Inil  it  oflen  happens  that  the  water  can  be  re- 
turned to  Ihc  sanic  level  from  whidi  it  has  been  taken,  so  thai 
the  circulating- water  system  forms  a  syphon  an<l  llie  pump  has 
only  the  Hiiid  friction  of  the  pipes  and  condenser  tubes  to  over- 
come. 

Figure  20  shows  a  5soo-kw  turbine,  similar  to  those  referred 
to  above,   in  course  of  constniction.       Its  ox-erall   dimensions, 
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intrlucting  generator,  are  47  feet  3  inches  b)'  16  feet  by  14  feet 
Maxinitini  overload  capadly,  13,000  Iiorje-powcr,  On  this  basis. 
we  have  over  17  horse-power  to  3  square  foot,  including  the 
gmcraior.    Tlic  speed  wilt  be  "50  r.p.m. 

In  closing.  It  may  be  appropriate  to  make  i>as»ng  comment 
on  a  few  typical  turbim-  installations  now  in  operation.  Figure 
21  shows  the  turbine  itistallali<i»  at  ihc  ncveland  am!  Soutli- 
Wcstcnj  Traction  Company's  power-house  at  Elyria,  Ohio. 
This  machine  has  been  sui-ccssfii!ly  in  u|>eration  since  early  in 
Novcnihcr,  1903,  at  times  carrying  tlic  whole  load  of  the  station. 


._,. 
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Traction  CoMrAKV,  Elvkia,  Oiriu 


ainoimling  to  1600  or  1700  kilowatts,  during  the  disablement  of 
reciprocating  engines. 

A  plan  of  the  power-house,  Figure  22.  shows  the  relative 
amount  of  room  occupied  by  the  turbines  and  reciprocating 
engines.  Tlie  condensers  and  foundations  are  shown  in  Figure 
23,  thv  condensers  bciiiK  placed  immediately  below  the  turbines. 
an<I  the  outer  edges  of  the  turbine  bcd-platc  bdng  supported 
on  narrow  concrete  walls. 

Figure  24  shows  tlie  power  plant  of  the  West  Fenn  Rail- 
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way  and  Lighling  Conipany  at  Connrilsville.  ulmv  three  looo-_ 
kw  units  are  now  in  operation.     Rccipn>caiing-«i^ne  unit*  o| 
nntttar  caiiocit}'  are  shown  in  the  badcground.    A  plan  of 

Matitm  is  slvjwn  in  Figure  j^.     Here,  again,  tite  »pacr 

by  the   ttirhinn,   in  comparison  with  reciprocating  eagia^ 

similar  power,  is  rxcmpllBrd. 

An  Soo-kw  turliiiie  plant,  installed  at  the  Yale  and  Ta 
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Flu.  33— Pla^  StinwiMi  Co'tui'K&rK  AaKAKi>i-M>Mr.  Cuvujtxu  &n> 
Sot'tir-wrsTrBM  T«*ctios  ConrAsv,  En»i*,  Oum 


Manufacturing  Company,  is  iihomi  tn  Figiinr  26.   This  panictilar 
plant  vias  tlii"  siilije^'t  of  »  paper  by  Mr.  F,  A.  Waldron  at  il 
June  meeting  of  the  American  Societj'  of  Mechanical  Engine 
in  1903.    It  (j|)entes.  llirough  motor  drives.  Uie  nliolc  factor}'. 

Many  other  Installation!;  might  1>c  mentioned,  which  wouk 
only  »er\'e  tn  exemplify  fnnlicr  ^uch  fcainTcs  of  ilic  steam  turl 
IS  haw  already  formed  the  basis  of  this  paper. 

Suffice  it  to  say  that,  at  present.  43  turtmies  of  the  We 
ingliousc- 1 'arsons  ly(K-   are   in   i>pcraiirHi  t>r   muicr  errcti<ii   ii 


Mthi^  coiimry,  ranging  in  size  from  400-kw  to  aooo-kw.     mcsc 
jferegatc  27,000  kilowatts  in  capacity. 

At  this  time  there  are.  further,  69,400  kilowatt*  in  turbines 
itmk-r  construction  at  East  Fiilshiirg.  in  all  sixes  up  to  5500 
kilowatts. 

Including:  machine*  in  anirse  of  construction,  the  present" 
extent  of  turbine  business  for  one  bnilder  represents  a  total  of 
III   machines,  a(iK''<^Kai'"K  9<>40o  kilowatts,  or  an  average  ol, 
S68  kilowatts  per  nnii. 

This  rtconj  speaks  for  itself  an<I  wi^iild  seem  to  evidence' 
the  complete  nml   pL-rmaiient   establishment   of  the   turbine   in 
general  power  work. 

Tkk  Prk«i1(11M'  :  Before  having  the  discussion  on  the 
steam-turbine  papers.  I  am  going  to  call  for  the  next  repott  of 
the  programme,  that  of  the  committee  on  award  of  the  Doherty 
giild  medal.  Dr.  Schuyler  Skaats  Wheeler,  of  Ampere,  New  Jersey, 
being  cliairm.in.  As  you  all  know,  past-Preiident  Ooherty, 
when  he  was  presitleiU  two  years  agn.  suggested  in  his  presi- 
dential address  thai  he  would  be  glaii  10  offer  a  gold  medal 
for  the  best  paper  on  underground  constiiiciion.  This  offer  was 
accepted  by  the  association,  and  it  was  intended  to  have  the 
paper  l.-tst  year.  Various  delays  occurred,  and  the  matter  re- 
m;iined  open  until  I  came  into  tlic  presidency.  During  (he^ 
ninter  we  issued  circularii  announcing  ihjt  the  matter  was  open 
for  competition,  not  only  to  our  own  memberx.  but  to  the  public 
ai  lar^e.  A  number  of  papers  were  prescntrd  and  I  appointed 
on  the  committee  on  award  Dr  Schuyler  Skaats  Wheeler,  who 
i»  here  and  will  make  the  report,  Mr.  Louis  A.  l-'erguson,  past- 
president  of  the  association,  and  Mr.  Henry  !■  Sioti,  of  the 
Manhattan  Elevated  Railway  Company,  New  York.  I  take 
pleasure  in  introducing  to  you  Dr.  Wheeler 


RKP^RT    OP    THK   COMMtTTER   ON    AWAan   or   nOIIEHTV 
OOLD   UhI>Al. 

Dk.  WtiEKLKa :    Mr.  President  and  Gentlemen — The  coat- 
mttlec  took  the  greatest  interest  in  reading  the  several  papen 
presented    on    the    subject    of    underground    construction,    and- 
while  there  was  a  paper  that  commended  itself  to  us  in  many' 
ways,  namely,  the  one  by  Mr.  W.  H.  Blood,  Jr.,— which  was  very 
good,  being  exceedingly   welt  put  together,  in   tact  quite  rfr>, 
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larkAble  in  that  respect, — yei  there  n-as  Another,  which,  on 
account  d(  its  great  mastery  of  detail  and  covering  the  whole 
subject  so  completely,  we  decided  should  have  the  preference. 
I  mif;ht  say  that  this  conclusion  was  reached  independently  by 
each  member  of  the  committee.  The  members  of  the  committee 
had  no  communication  wllh  one  another  until  after  they  had 
finished  their  work,  and  the  decision  was  unanimous  and  inde- 
pendent on  the  part  of  each  member.  The  author  of  the  paper 
selected  is  Mr.  W.  P.  Hancock,  of  Boston,  Is  Mr.  Hancock 
present  ? 

(Mr.  Hancock  stepped  to  the  platform.) 

Mr,  Hancock,  I  can  testify  thai  you  have  a  very  complete 
understanding  of  all  the  deiailsi  of  underground  construction,  a 
subject  with  which  I  am  somewhat  familiar,  it  having  been  my 
own  first  work.  I  was  much  impressed  with  your  paper,  and 
with  the  ability  that  you  possess  for  putting  your  information 
on  paper,  and  [  have  learned  a  great  deal  from  it.  It  gives  me 
great  pleasure  to  hand  you  the  medal. 

Mr.  Hancock  :  I  accept  with  much  pleasure  and  apprecia- 
tion the  medi;il  that  has  been  so  generously  contributed  by  Mr. 
Doherty  and  presented  by  Dr.  Wheeler  for  "the  best  paper  on 
undccground  construction."  I  am,  however,  surprised  to  know 
that  so  few  persons  entered  this  competition,  and  especially  so 
when  I  call  to  mind  the  names  of  a  number  of  gentlemen  who 
covtUl  have  given  us  Interesting  papers  on  the  subject  in  hand. 
1  also  wish  that  a  greater  engineering  interest  might  exist  in 
connection  with  this  type  of  construction,  1  think  n!t  will 
admit  that  the  underground  portion  of  a  system  is  an  extremely 
Important  one,  and,  that  being  true,  it  seems  to  me  that  we 
should  lose  no  opportunity  lo  improve  in  this  direction  as  well 
as  in  the  lines  of  steam  and  electrical  apparatus.  We  certainly 
need  a  reliable  method  by  which  to  transmit  the  output,  and  if 
we  do  not  have  it  the  reputation  of  the  company  wilt  suffer 
Wc  also  want  to  install  the  system  so  that  the  operating  and 
repair  charges  shall  be  as  low  as  possible  in  the  future,  and 
therefore  I  say  that  this  type  of  construction  is  worthy  of  the 
careful  judgment  of  engineers,  both  in  the  selection  of  material 
and  labor  and  In  the  insulation. 

Mr.  President,  I  am  grateful  to  you  and  to  your  officers,  to 
Mr.  Doherty,  and  to  Dr.  Wheeler  and  the  associate  members  of 
the  committee,  also  to  the  members  ol  the  association,  for 
courtesies  extended  in  connection  with  this  competition. 
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The  Phesiuent  :  Gentlemen,  I  have  known  of  this  decision 
for  some  days,  and  have  therefore  taken  occasion  to  have  Mr. 
Hancock's  paper  printed.  It  is  ready  and  will  be  put  in  the 
envelopes  of  those  who  leave  ihem  at  the  secretary's  office 
during  the  noon  hour.* 

Mr.  Hancock  has  had  nothing  to  do  with  underground 
construction  for  some  years.  He  graduated  from  that,  and,  as 
you  know,  he  is  now  general  operating  superintendent  of  the 
Boston  Edison  company,  and  the  two  stations  that  you  will  see 
this  afternoon  are  under  his  personal  direction. 

Before  closing  the  subject  we  should  like  to  hear  a  word 
from  Mr  Doheriy. 

Mr.  Dohertv  :  Mr.  President  and  Gentlemen — I  was 
prompted  to  offer  this  medal  in  order  to  stimulate  a  study  of 
underground  methods.  There  seemed  to  be  a  lack  of  harmony 
among  the  methods  in  the  various  stations  doing  underground 
work.  It  seemed  to  me  that  the  practice  was  not  standardized, 
and  that  unnecessary  expense  was  incurred,  and  I  hoped  to 
secure  the  contribution  of  a  number  of  papers  and  that  a 
standard  practice  could  be  formulated  based  on  these  papers. 
If  this  result  has  been  accomplished  1  feel  very  weil  repaid  for 
my  efforts  to  secure  it.     I  thank  you. 

The  President  :  I  do  not  think  it  is  necessary  for  us  to 
say  that  wc  have  already  thanked  Mr.  Duheriy  in  a  formal 
manner  for  offering  this  medai.  We  are  not  lacking  in  appre- 
ciation for  what  he  has  done.  The  medal  was  formally  accepted 
in  a  vote  of  thanks  given  him  two  years  ago, 

DISCUSSION    ON    GAS    KNUINE    A  N  t)    STEAM     rURUIME 

Thb  Presjuent  :  The  four  pa])ers  read  tliis  morning — one 
by  Mr.  Andrew  on  "An  Economy  Test  of  a  5500-Horsc-Power, 
Three-Cylinder,  Compounii  Engine  and  Generator ";  one  by 
Mr.  Arnold  on  the  gas  engine,  the  rej'ort  of  the  committee  on 
the  investig;Hi<jn  of  the  steam  turbine,  by  Mr.  Eglin,  and  the 
papt-r  entitled  "  Practical  Notes  ".iii  Ste.im  Turbines."  by  Mr. 
Francis  Ilndgkinsun — are  ojien  fur  diM.iissiuii. 

Some  time  during  this  mr)riiini;  1  sli.ill  Hl-  glad  to  call  upon 
Mr.  Mershc>n  to  say  a  word  upLiii  the  gas  engine  and  upon 
Mr.  Dunham  to  speak  upon  the  i;ai  t-ngine  and  the  Hartford 
station,  as  I  have  alrea<ly  askfd  Mr.  Kict  tu  sav  a  word  on  the 


*  K'lr  11: M  'li  Mr.  H.im  ..I  k'-  |'.i]ptT,  mi   .■\|i|ii:iu1(.\  A. 
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turbine.  The  matter  is  open  for  discussion.  We  will  take  one 
hour  in  the  discussion,  and  having  disposed  of  the  subject  we 
will  take  up  the  question  of  the  stoker.  We  are  ready  to  hear 
from  members  on  the  gas  engine.  Mr.  Mershon,  will  you  open 
the  discussion  ? 

DISCUSSION 

Mr.  Ralph  D,  Mershon  (New  York)':  Mr.  President  and 
Gentlemen  of  the  Association — This  paper  by  Mr,  Arnold 
interests  me  very  much,  but  it  surprises  me  more  because  from 
such  data  as  I  have  been  able  to  obtain  in  this  country  as  to  the 
prices  of  gas  engines  and  their  auxiliaries  I  have  not  been  able 
to  get  the  results  that  Mr.  Arnold  has  obtained.  The  relative 
costs  that  Mr.  Arnold  has  taken  per  kilowatt  for  steam  and  gas 
installations  are  widely  different  from  the  prices  I  have  been 
able  to  get.  He  gives  the  price  per  kilowatt  for  steam  as  $100 
and  for  gas  as  $125.  I  should  say  that  the  figure  for  the  gas 
engine  should  not  be  under  $150,  and  nearer  $175,  judging  froln 
quotations  I  have  received  lately  from  various  makers.  I  should 
like  very  much  to  have  Mr.  Arnold  separate  the  elements  that 
go  toward  making  up  the  costs  he  has  taken  ;  that  is,  give 
separate  figures  on  the  engines  and  the  electrical  equipment, 
with  the  gas  generator  in  the  one  case  and  the  steam  generator 
in  the  other. 

I  notice  that  in  the  plant  on  which  Mr.  Arnold  is  figuring 
nothing  is  allowed  for  relay  capacity.  If  an  allowance  is  made 
for  relay  capacity  it  will  mean  a  greater  investment  in  each 
case  and  will,  of  course,  show  against  the  gas  engine.  I  would 
also  ask  him  whether  or  not  the  rated  capacity  of  this  plant 
is  based  upon  the  ultimate  capacity  of  the  gas  engine,  or  very 
nearly  so,  because  if  it  is  the  comparison,  it  seems  to  me,  is 
unfair.  I  have  found  that  most  of  the  gas-engine  builders 
rate  their  engines  at  or  near  the  load  at  which  the  engine  will 
lie  down  ;  whereas  with  the  steam  engine  we  have,  in  case  of  an 
emergency,  considerable  overload  capacity.  It  is  very  clear,  I 
think,  that  if,  as  will  be  the  case  with  a  good  many  loads,  the 
load  is  subject  to  sudden  fluctuations  and  swings,  we  must  have 
enough  capacity  over  the  average  load  at  which  the  engine  is 
running  to  lake  care  of  these  swings.  In  many  cases  the 
question  of  relay  capacity  and  overload  capacity  will  be  taken 
care  of  by  dividing  up  into  a  considerable  number  of  small 
units.     It  is  unfair,  I  think,  if  this  method  is  to  be  adopted  to 
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'  liKlp  the  gas  engine  out,  lo  compare  such  a  gas-engtnc  installa- 
tion with  a  steam-engine  installation  divided  up  in  the  same 
way. 

So  far  as  I  can  see  from  the  paper,  Mr.  Arnold  assumes  that 
the  relative  efficiencies  of  the  gas  engine  and  the  steam  engine 
with  different  load  factors  will  be  the  same  as  the  one  figure  he 
has  taken.  It  seems  to  me,  from  what  1  know  of  gas-engine 
performances,  ihiii  ihe  gas  engine  should  be  figured  as  having 
less  relative  efficiency'  at  the  lighter  loads.  1  should  like  to  hear 
from  Mr.  Arnold  on  this,  subject.  I  should  also  like  to  hear 
from  Mr.  Arnold  as  to  the  question  of  relative  skill  required  in 
the  operation  of  the  two  plants. 

As  to  depreciation — in  these  figures  he  has  taken  a  percent- 
age (or  depreciation,  thus  assuming  that  tile  depreciation  in  the 
case  o(  two  classes  of  prime  mover  will  bear  the  same  relation 
as  their  cost,  which  is  probably  correct :  but  1  wonder  if  Mr. 
Arnold  has  any  data,  covering  engines  that  have  been  in  opera- 
licwi  for  a  number  of  years,  to  support  this.  I  should  like  to 
hear  from  him  on  this  point  also. 

Thb  Presidknt  :  1  am  guiog  to  suggest  that  each  author 
keep  his  answers  until  the  end  of  the  discussion,  and  then 
formulate  replies  to  all  the  questions  that  have  been  asked. 

Mk.  Txii-p:  Mr  President,  1  should  like  to  ask  Mr.  Arnold 
If  gas  engines  are  being  operated  on  >4  hours'  continuous 
loads  where  there  is  considerable  fluctuation  on  said  lodds 
and  where  the  engines  and  generators,  direct-connected,  are 
being  operated  in  parallel ;  particularly  on  high- potential, 
alternating-current  installations  > 

Referring  lo  Table  IV^^oubtless  it  is  an  error  of  the 
printer,  but  the  cost  of  fuel  per  kw-hour  here  Is  six  cents  for 
steam  and  three  cents  for  gas.  That  is  probably  meant  to  be 
mills,  as  I  take  it. 

Mk.  Dohertv  :  As  you  probably  know,  if  you  have  followed 
the  gas-engine  developnaent  at  all,  the  serious  drawback  has 
been  to  secure  the  economical  and  satisfactorj-  transformation 
of  the  heal  energy  of  your  coal  iniu  gaseous  energy.  We  have 
Captain  H.  G.  H.  Tarr,  of  the  R.  D,  Wood  company,  with  us. 
and  he  has  devoted  considerable  time  to  that  subject.  If  jou 
care  tu  call  on  him  he  can  tell  you  of  the  progress  being  made 
in  this  matter  of  the  greatest  obstacle  togas-engine  development. 

The  PxtsiDSKT  ;  We  shall  be  glad  to  bear  from  Captain 
Tarr. 


I 


jn 


Captain  Tabr  (Philadelphia) :  Probably  the  greatest  ob- 
stacle ihac  the  large  ^as  vngine  bas  met  is  that  up  to  ihe  last 
two  years  we  have  dune  practically  nothing  la  thi&  country 
toM-ard  the  development  of  the  gus  pnxJucer  (or  pourer  pur- 
poxes,  Reiiti/ing  this,  my  firm  {R  1).  Wood  and  Company)  has 
engaged  in  ihc  construction  of  plants  lo  meet  every  require- 
ment as  to  character  of  fuel,  and  has  endeavored  lo  keep  pace 
with  the  gas  engine  in  capacity,  economy  and  reliability.  Wc 
have  published  exhaustive  books  on  this  subject,  with  diagrams 
illustrating  the  dilTerent  processes,  which  we  shall  be  glad  to 
send  to  anyone  making  application  to  lit :  or  I  wili  hand  you  a 
copy  while  you  arc  here  at  the  convention. 

You  arc  probably  more  or  less  familiar  with  the  Mond  by- 
product gas  producer.  This  is  especially  applicable  to  the 
larger  plants,  having  a  cunsumptiuii  of  coal  of  from  30  tons  of 
coal  per  day  upward.  Ai  the  plant  is  necessarily  somewhat  com- 
plicated—though exceedingly  simple  in  operation — it  is  more 
expensive  than  an  ordinary  producer  plant,  costing  from  $1500 
to  $1700  per  ton  of  coal  gasilied  in  34  hours.  The  net  result  is 
about  Si'OO  per  ton  in  net  value  of  by-products.  You  will  get 
from  a  ton  of  coal  about  70  to  85  pounds  of  sulphate  at 
ammonium  (depending  upon  the  character  of  the  coal),  and  this, 
at  the  present  market  price,  is  worth  threi^  cents  per  pound.  To 
produce  this  the  sulphuric  acid  and  labor  must  be  considered, 
so  you  may  safely  calculate  a  net  result  of  $i.to  per  ton  of  coal 
gasified.  If  your  coal  costs  $1.50  per  ton  this  deduction  of  $1.10 
will  bring  the  coal  down  to  $1.40  per  ton.  Bear  in  mind  that 
this  process  is  applicable  only  to  the  larger  plants,  namely,  those 
of  15  Ions  or  more  capacity  in  14  hours.  In  the  smaller  installa- 
tions the  ordinary  producer  is  used,  or  what  has  been  known  as 
the  Taylor  producer, 

]  think  the  general  impression  is  that  you  can  use  only  coke 
or  anthracite  coal  in  a  non-by-product  producer  for  power, 
which  is  entirely  erroneous.  For  a  number  of  years,  in  Ger- 
many, they  have  cleaned  gases  by  a  most  simple  process,  what- 
ever producer  is  used,  experiencing  no  difficulty  whiiicver  in  the 
reliability  or  the  length  of  time  thiil  the  engine  can  run.  As  an 
illustraiinn,  we  have  been  for  some  time  running  our  own  shops 
on  this  form  of  producer,  connected  with  gas  engines,  using 
bituminous  coal,  with  most  excellent  results,  and  we  are  pre- 
pared to  make  estimates,  plans  and  installations  with  sufficient 
goaruntee  on  this  point.  The  cost  of  producers  varies,  depend- 
ing upon  conditions,  from  $17  to  $13  per  horse-power. 
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The  general  impression  that  there  would  be  trouble  on 
account  of  the  gumming  of  valves  in  the  engines,  resulting  from 
the  tar  in  the  bituminous  coal,  is  disproved  by  the  fact  that 
many  engines  are  in  operation  to-day  under  these  conditions  that 
have  not  been  slopped  or  cleaned  for  several  months.  In  fact, 
it  may  be  accepied  that  with  this  process  the  running  of  an 
engine  is  as  reliable  as  with  the  use  of  anthracite  coal  or  coke. 

I  thank  you  very  much  for  the  opportunity  to  explain  what 
we  are  doing,  as  we  are  satisfied  from  the  individual  inquiries 
we  are  constantly  receiving  that  this  development  is  so  recent 
that  the  majority  of  users  of  power  are  not  informed  regard- 
ing it. 

Mr.  William  R.  Garoener  {Pittstield.  Mass):  I  have  been 
very  much  interested  in  Mr.  Arnold's  paper.  It  deals  with  a 
subject  I  have  been  looking  into  for  some  months,  and  he  has 
very  ably  given  some  information  that  I  have  failed  to  pick  out 
from  other  sources.  I  do  not  claim  to  know  anything  about 
the  subject — lam  simply  a  learner  at  the  feet  of  other  gentle- 
men who  know  all  about  it,  I  have  one  or  two  questions  I 
would  ask.  I  would  say  lirst.  however,  ihat  a  lew  weeks  ago — 
perhaps  rashly — I  made  the  statement  that  by  the  use  of  the  gas 
engine,  using  producer  gas.  a  kilowatt  could  be  produced  for 
one  cent ;  and  1  should  like  Mr,  Arnold  to  remember  that  and 
tell  me  how  far  out  of  the  way  1  am— coal  costing  §,^.50. 

Mr.  Arnold  m';ntions  several  times  in  his  paper  a  fuel  that 
can  be  and  is  being  used  (or  [his  purpose,  I  see  nothing  there 
in  regard  to  peat  as  a  fuel,  1  understand  that  these  swamps 
ijcatcd  all  about  us — all  over  the  world  in  fact — are  simply  coal 
in  what  may  be  called  its  earliest  stage  :  nature  has  worked  upon 
it  .miy  two  or  three  million  years,  and  in  time  it  will  become 
toa".  As  I  understand  ir.  the  fuel  taken  from  these  bogs 
acd  I'ut  through  a  machine  and  properly  dried,  makes  a 
verv  good  producer  ga*.  I  hope  Si.ime  oi  liiese  gentlemen  who 
.-.re  ■.ii.tsie.i  on  the  gas  engine  will  t;ive  me  some  intormation  on 
:;;e  value  ■■(  this  bog  fu^rl,  -t  pea:  fiie..  f..r  purposes  of  com- 
:  ,..-■>■  ■II, 

Mk.  }.  D  .ANi'^EW  iNew  Vorki:  I  .i>k  wii.it  advance  has 
iieen  ma^ie  ;;i  '.i.e  ile>:gn  k't  !-iri;c  si/e>  o:  ver;;i,Ml  g.is  engines? 
1::  mai^y  7':ace*  the  ^  'r  >p,ue  av.iil.iive  m.ikes  it  absolutely 
::evefsarv  L.>  r''i;  ::i  ,1  ver:ii.\i!  er.trine  1;  ;■<  i;i;::e  possible  to 
:ns:ai!  gas  r'r-'i-.itcrs  :ha'.  wi!!  nk-upy  ,i;>;  r.'xima'.eiy  ihe  same 
<;-j.e  n.w  :oker.  ■,::■  :>y  b  ■;;-r>  a::,:  s:i-,i:u  p..i;;;.  b:r.   the   present 
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designs  of  gas  engine  require  three  or  four  liines  the  floor  space 
necessary  for  steam  engines  or  turbines, 

The  Pkesidcnt  :  I  shall  be  glad  to  call  upon  Mr.  Rice,  of 
the  General  Electric  Company,  to  say  a  word  on  the  turbine 
situation  primarily  and  the  other  matters  inctdenialiy,  if  he  feels 
so  inclined. 

Mr,  R.  J.  RiL-B  (Lynn,  Mass.):  Mr.  President  and  Gentle- 
men— The  Curtis  lurbinc  consists,  in  its  simplest  form,  of  one 
or  more  stationary  nozzles  which  discharge  steam  at  high 
velocity  into  several  rows  of  moving  buckets  alternately  with 
stationary  buckets,  the  office  of  which  is  to  reverse  the  jets  of 
steam  and  redirect  them  in  a  manner  suitable  for  use  in  the 
ncxi  row  of  revolving  buckets,  until  linally  the  steam  is  dis- 
charged from  the  last  row  of  buckets  and  its  velocity  practically 
absorbed.  By  removing  only  a  portion  of  the  velocity  from 
each  row  of  buckets  and  by  providing  a  succession  of  rows,  the 
velocity  of  the  wheel  is  proportionately  reduced.  We  also 
possess  in  the  Curtis  (urbine  another  and  most  effective  way  of 
keeping  down  the  speed  of  the  buckets.  If  we  confine  our- 
selves, instead  of  expanding  our  sieam  from  boiler  pressure  to 
vacuum  In  one  operation,  to  an  expansion  of  one-half  or  one- 
quarter  of  this  amount,  we  considerably  reduce  the  tosses  in 
the  nuzzle,  and  also  the  velocity  of  the  steam  In  having  a 
lower  velocity  we  can  absorb  this  velocity  with  a  considerably 
lower  bucket  velocity.  It  is,  then,  simply  necessary  to  provide 
two  or  more  sets  of  expanding  nozzles  in  scries,  each  w-ith  its 
several  rows  of  moving  and  stationary  buckets,  to  neutralize  the 
energy  of  the  steam.  These  groups  are  termed  "stages,"  and 
the  Curtis  turbine  is  at  present  built  with  one.  two,  three  or 
four  stages,  depending  on  size,  sieum  pressure,  and  whether  we 
are  expanding  into  the  atmosphere  or  into  the  condenser.  The 
How  of  steam  through  a  nozzle  follows  perfectly  definite  laws, 
and  enough  is  known  of  these  laws  to  enable  us  lu  predict  with 
accuracy  the  velocity  developed  by  nozzles  of  various  forms. 
Furthermore,  the  Row  of  steam  at  any  given  pressure  through 
a  nozzle  of  given  size  can  be  calcu  lated  as  accurately  as  it  can 
be  condensed  and  measured. 

Wc  have,  therefore,  means  of  accurately  determining  the 
weight  and  selocity  of  the  steam  as  it  strikes  the  buckets.  If 
the  velocities  of  steam  used  in  the  Curtis  turbines  were  utilized 
in  a  single  row  of  buckets,  the  speed  of  the  bucket  rows  would 
have  to  be  nearly  one -half  the  velocity  of  ihe  sieam  in  order  lo 
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obtain  the  highest  efficiency.  However,  by  using  several  rows 
of  buckets  a  portion  ot  the  velocity  it  utilixed  in  each  row.  and 
instead  of  belnfE  obliged  to  run  our  wheels  at  a  speed  of  1300 
feel,  or  even  600  feel,  as  in  the  case  of  some  types  of  turbines. 
we  can  use  the  more  conser\-aiive  speeds  of  150  feet  per  second 
as  a  minimum  up  to  450  as  a  maximum.  This  low  bucket  speed 
also  brings  along  with  it  another  very  important  advantage, 
combined  as  it  is  with  the  use  of  a  very  moderate  number  of 
nozzles  to  admit  the  steam  to  the  first  stage.  1  refer  to  low 
speed  of  rotation,  which  follows  .from  low  bucket  speed  and 
the  possibility  of  large  wheel  diameters,  since  we  are  not,  as  in 
some  types,  obliged  to  admit  steam  around  the  entire  ctrcum> 
ference  of  our  wheels. 

The  Curtis  buckets  are  machined  from  the  solid  material  of 
the  bucket  wheel,  or  from  the  metal  of  a  substantial  solid  seg^i 
ment,  securely  fastened  10  the  wheel  rim,  or  cast  from  appro- 
priate material  in  the  same  solid  way ;  and  the  ends  of  the 
buckets  are  covered  by  metallic  bands  riveted  to  the  bucket 
ends.  While  the  strains  in  the  buckets  are  considerably  less 
ihan  in  other  types,  because  of  the  low  bucket  speed  in  the 
Curtis  turbine,  the  construction  is  in  every  way  more  sub- 
stantial. The  bucket  wheels  are  also  free  to  expand  in  the 
direction  of  rheir  diameters,  and  the  buckets  are  free  (rom 
possibility  of  injury  by  coming  in  contact  with  stationary  parts. 

These  turbines  are  consirucied  in  siies  varying  from  i-S  to 
Sooo  kilowatts.  Up  to  and  including  300  kilowatts  the  turbines 
are  constructed  of  the  horizontal  type.  From  and  including 
500  kilowatts  upward,  the  shafts  are  vertical.  The  packings 
used  between  the  steam  and  the  atmosphere  are  seiilcH  by 
steam,  no  oil  coming  in  contact  with  the  steam.  The  condenser 
steam  can  therefore  be  returned  to  the  boiler  and  used  overantl 
over  again  without  fear  of  deterioration  of  the  boiler  surfaces. 
The  advantage  of  the  vertical  arrangement  where  the  weight  of 
the  rotating  element  is  considerable  is  almost  self-evident. 
Friction  and  wear  on  the  bearings  are  reduced  almost  to  a 
minimum,  and  in  our  largest  turbine  it  is  possible  to  move  the 
rotating  parts  by  hand  when  the  oil  pressure  is  on  the  step 
bearing  This  step  bearing  consists  ol  a  pair  of  cast-iron  discs, 
one  rotating  with  the  shaft  and  attached  to  the  bottom  end 
thereof,  the  other  stationary,  placed  vertically  under  the  shaft 
and  adjustable  upward  and  downward,  to  adjust  the  position  of 
the  rotating  elements,     1  bese  discs  are  kept  out  of  contact  by 
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means  of  a  film  of  oil,  which  is  forced  between  them  by  a  pump, 
suRicicnt  pressure  being  excricd  lo  lift  the  shaft.  The  shad, 
therefore,  rotates  un  a  film  of  oil  of  definite  thickness.  The  oil 
pressure  is  maintained  at  a  uniform  amount  by  means  of  an 
accumulator. 

Regulation  of  speed  is  performed  by  a  shaft  governor  of 
great  power  and  sensitiveness,  which  actuates  instantaneously 
through  suitable  apparatus  a  scries  of  valves,  each  one  of 
which  admits  or  cuts  off  the  supply  of  steam  from  one  or 
more  noKzles.  These  valves  are  always  either  fully  opened  or 
closed.  No  throttling  occurs,  and  the  nozxies  therefore  work  ai 
their  maximum  rffictency.  To  this  fact  is  due  the  high  efficiency 
of  the  Curtis  turbine  at  variable  loads.  Tests  under  actual  work- 
ing conditions  have  shown  thai  with  a  variable  load  the  turbine 
maintains  its  efficiency,  due  to  the  fact  ih^i  the  nozulcs  are 
always  operating  under  their  designed  conditions. 

Foriunaicly.  it  is  easy  lo  obtain  a  high  vacuum  with  the 
turbine  at  a  very  moderate  increase  in  the  cost  of  the  condens- 
ing apparatus  as  compared  with  that  necessary  to  obtain  i6  or 
>;  inches,  and  although  a  high  vacuum  Is  not  essential  Co  the 
proper  operation  of  the  turbine,  the  turbine  is  capable  of  utiliz- 
ing the  energy  contained  in  steam  to  a  much  greater  extent 
th;tn  is  a  reciprocating  engine,  and  the  economy  of  the  turbine 
is  therefore  increased  by  the  increase  in  the  vacuum.  The  tur- 
bine is  free  from  air-leaks,  and  with  a  short  connecting  pipe 
between  the  condenser  and  the  turbine,  and  a  condenser  of 
liberal  si^ic,  39-inch  vacuum  is  being  obtained  in  many  cases. 
Objection  has  been  made  by  some  that  an  excessive  quantity 
of  cooling  water  is  necessary,  but  such  is  not  the  case,  only  two 
and  a  half  to  three  times  the  usual  amount  of  water  being  used, 
and  its  quality  is  not  important.  Roughly  speaking,  it  may  be 
Staled  that  the  gain  by  increasing  the  vacuum  varies  with  the 
amount  of  the  vacuum,  becoming  greater  as  the  vacuum  in- 
creases :  but  in  general  it  may  be  Stated  that  with  high  vacua 
one  inch  of  vacuum  is  equal  lo  live  or  six  per  cent  gain  in 
economy.  Other  forms  of  condensing  apparatus  than  surface 
condensers  are  used  to  some  extent  in  connection  with  luibines. 
When  the  water  supply  is  limited  cooling  towers  may  be  used, 
and  when  it  is  ample  and  it  is  not  desired  to  return  the  con- 
densed water  tu  the  boiler,  syphon  condensers  with  dry-air 
pumps  may  be  instulled  with  good  results. 

Without  going  into  details  in  the  matter  of  steam  consump- 
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tiofi,  it  may  be  stated  that  the  turbine  uses  no  more  steam  Ihaq 
do  the  best  reciprocating  engines,  both  tested  when  nev  and 
under  similar  test  conditions.  In  practical  work,  with  the  load 
varying  considerably- — for  instance,  when  the  engine  is  6riviag 
a  street  railway — the  efficiency  of  the  reciprocating  engine  is 
considerably  reduced.  The  turbine  is  not  subject  to  this  reduc- 
tion of  economy,  but  gives  the  same  average  economy  with 
varying  load  under  Die  most  unfavorable  conditions.  Tests 
with  a  very  variiible  liiud  have  shown  that  the  average  steam 
consumption  at  the  average  load  is  exactly  the  same  as  if  the 
toad  had  t>een  stationary  at  this  average  amount  far  the  same 
length  of  time.  The  steam  engine  deals  with  the  pressure  and 
volume  of  the  steam  :  consequently  the  valves  and  pistons  must 
be  steam-tight  and  must  always  remain  so.  The  steam  turbine 
deals  with  man  and  velocity  and  is  therefore  independent  of 
tightness  for  its  economy,  and  i  t  has  no  packings  similar  to  piston 
or  valve  paclcings.  The  advantage  of  this  is  that  it  retains  its 
original  economy  as  long  as  it  is  operated,  white  the  steam  engine 
rapidly  loses  efficiency,  due  to  the  wear  of  these  jwirts  While, 
therefore,  there  may  be  equally  high  efficiency  at  the  beginning 
□f  service,  the  turbine  will  ultimately  be  in  the  lead.  The  only 
possibility  that  may  affect  it  unfavorably  is  that  of  deterioration 
of  the  surfaces  of  the  noziles  and  buckets.  The  higher  the 
steam  velocity,  the  greater  this  possibility  becomes.  We  should 
therefore  expect  the  wear  in  the  Curtis  turbine  to  be  much  less 
than  in  the  De  Laval,  and  less  in  the  four-stage  turbine  than  in 
a  one  or  two-stage  turbine.  All  of  our  large  turbines  are  made 
with  four  stjiges  ut  the  present  time.  As  a  matter  of  fact,  if 
such  wear  should  take  place  it  would  be  confined  to  parts  in- 
expensive and  readily  replaceable,  and  turbines  operating  for 
two  or  more  years  show  no  sign  of  it.  We  may  reasonably 
expect,  in  the  long  run  and  for  service  extending  over  a  term  of 
years,  that  the  turbine  will  hold  its  economy  better  than  the 
reciprocating  engine. 

As  regards  the  advantage  of  the  small  floor  space  required 
by  the  turbine,  a  case  has  recently  come  to  my  notice  where  the 
conditions  were  unfavorable  to  the  installation  of  turbines  :  yei 
in  this  case  two  engines  of  joo-kw  capacity  were  all  that  could 
be  insinlied  in  a  certain  power  station,  whereas  five  turbines  of 
the  same  size  coutd  be  readily  located. 

The  valves  of  the  Curtis  turbine  are  always  under  the  con- 
trol of  the  governor,  even  op  to  an  overload  of  50  per  cent; 
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the  steam- con  sumption  curve  is  therefore  continuous  and  does 
not  change  iis  characteristics.  The  cost  of  foundations  is 
extremely  small  as  compared  with  those  of  reciprocating 
engines;  in  fact,  very  little  foundation  is  necessary.  We  have 
some  turbines  of  goo-kw  Citpactty  operating  on  the  second  floor 
of  a  mill  and  standing  on  floor  beams. 

The  report  of  your  committee  shows  very  fairly  the  results 
of  the  practical  application  and  operation  of  these  turbines,  and 
shows  that  the  step  bearing  especially  has  not  been  a  source  of 
trouble.  We  have  some  ao  of  these  turbines,  of  various  siies,  in 
operation  and  operating  with  excellent  satisfaction. 

Thf.  Pki.sii>knt  :  We  do  nut  want  to  conline  the  discu»ion 
on  turbines  to  the  manufacturers,  but  should  like  to  have  the 
centra  1-st  at  ion  men  take  an  active  part  in  the  discussion. 

Mk  AiiBOiT  :  I  would  ask  Mr.  Hodgkinson  to  describe  the 
arrangement  for  the  closed  hot  well,  and  what  improvement  in 
vacuum  results  from  it ;  I  should  also  like  to  know  what  is  the 
real  advantage,  and  how  much  it  amounts  to,  of  superheated 
steam.  It  issiill  something  of  a  moot  question,  I  under»tttnd.  as  to 
whether  or  npt  the  advantages  reaily  amount  to  all  that  tt  costs. 
Mr.  Uohertv  :  There  are  a  few  points  in  connection  with 
this  discussion  that  I  hope  will  not  be  lost  sight  of.  I  think 
that  the  present  development  of  the  gas  engine  and  the  present 
development  of  the  steam  turbine  probably  give  each  of  them  a 
field  of  its  own.  A  few  yearti  ago  1  had  occasion  to  install  some 
large  gas  engines,  some  of  the  first  turned  out  by  the  Westing- 
house  company,  tind  [  was  almost  universally  condemned  for 
my  part  in  that  installation,  There  was  a  pronounced  prejudice 
against  the  internal-combustion  engine.  I  believe  that  prac- 
tically every  authority  on  thermodynamics  to-day  believes 
that  the  ultimate  prime  mover  will  be  the  Internal-combustion 
engine.  I  will  let  the  persons  interested  in  these  engines  believe 
that,  but  I  do  not  want  to  go  on  record  as  believing  it  myself. 
1  do  not  believe  it  will  be  the  stc»m  turbine,  but,  in  my  opinion, 
if  it  is  a  question  between  the  steam  turbine  and  the  internal- 
combustion  engine  I  think  the  internal-combustion  engine  will 
unquestionably  be  the  eventual  prime  mover. 

The  characteristics  <>f  the  steam  turbine  and  of  the  gas 
engine  are  very  di^erent.  A  gas  engine  is  very  efficient  so  far  as 
heat  for  useful  work  is  concerned,  but  to  get  efficiency  from  the 
gas  engine  you  will  generally  find  that  you  get  the  best  results  at 
the  absolute  maximum  capacity  of  the  engine.     This  is  princi- 
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pally  becauM  you  have  certain  constant  losses,  which  are  ther 
In  the  aggregate  ia  the  same  quantity  regardless  of  the  load  on^ 
the  engine,  and  these  losses  even  amount  to  15  per  cent  of  the 
capacity  of  the  engine.  No  matter  what  the  load  on  the  engine 
may  be,  the  losses  are  15  per  cent  of  the  capacity  :  ihercfore  if 
you  have  only  half-toad  on  the  engine  the  losses  become 
50  per  cenL 

We  have  a  gas-engine  station  at  Madison,  Wisconsin.  Weare 
now  putting  a  steam  turbine  into  this  gas-engine  station.  The 
ability  to  operate  steam  turbines  and  gas  engines  together,  and 
operate  them  economically — and  perhaps  more  economicalljrl 
than  either  alone  would  permit — is  a  matter  that  I  believe  to  be 
of  considerable  importance.  Your  gas  engine  costs  much  more 
per  horse-ponrer  at  the  start,  and  your  fixed  charges  are  there- 
fore heavier  Now,  then,  if  you  can  save  a  certain  amount  on 
the  operating  cost  of  a  gas  engine  you  must  be  able  to  operate 
that  engine  a  sufficient  number  of  hours  to  make  that  saving  in 
operaling  cost  more  than  balance  your  increased  fixed  cosL 
Vou  can  not  do  thai  with  a  low  load  factor;  but  if  you  already 
have  steam  engines  in  I  think  the  ideal  arrangement  for  the  use 
of  a  gas  engine  would  be  to  put  in  an  installation  that  would 
take  care  of  a  portion  of  your  load — a  portion  only— and  that 
should  be  the  portion  that  operates  14  hours  a  day.  Instead  of 
operating  your  engine  10  give  you  constant  potential  on  the 
machine,  if  you  will  operate  so  that  it  runs  at  a  uniform  speed 
and  at  its  maximum  load,  and  have  [he  fluctuations  of  the  load 
taken  up  by  the  present  steam  engines,  you  will  secure  very 
high  economy  from  the  gas  engine.  Our  present  steam  engines, 
we  know,  are  not  efficient  on  a  variable  load,  but  a  steam 
turbine  has  the  characteristics  of  any  rotary  prime  mover  and  it 
has  some  peculiar  characteristics  of  its  own  :  chiefly  the  one 
that  each  part  is  working  at  the  same  temperature,  which  en- 
ables you  10  get  away  from  the  bad  effects  of  fluctuations  of 
tenperature  and  what  would  be  the  cylinder  condensation  of 
your  steam  engine.  Therefore,  by  using  gas  engines  running  at 
maximum  toad  and  arranging  the  government  so  that  the  siean 
turbine  will  take  up  the  fluciuaiion,  you  can  work  out  a  condi- 
tion where  you  will  get  a  higher  eflicicncy  than  with  either  one 
alone. 

In  one  plant  with  which  I  am  connected  we  have  a  peculiar 
load.  It  is  at  a  summer  resort.  We  recently  had  occasion  to 
consider  the  advisability  of  renewing  our  generating  equipmenL 
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We  found  there  was  one  portion  of  our  load  tn^^ran  for  J91 
hours  per  year,  and  it  was  absolLitcly  impossible  to  save  the 
fixed  cost  on  a  new  installation  to  supersede  the  present  In- 
stallation, even  though  the  present  Installation  is  brutut  in  its 
ciiiisumption  of  fuel.  Il  was  run  for  such  a  short  period  of 
time  during  each  year  that  there  wa*  no  opportunity  to  save 
these  fixed  costs. 

In  another  station  with  which  I  am  connected  it  is  the  pur- 
pose to  operate  with  jias  enfitnes  the  portion  of  the  load  that 
runs  constantly.  We  shall  tun  the  plant  for  the  present  with 
the  reciprocating  steam  engines,  but,  assuming  that  there  is  no 
more  than  normal  progre^?^  miide  in  gas  engines  and  steam 
turbines,  we  shall  put  in  our  additional  equipment  in  steam 
turbines  and  try  to  keep  our  steam  teciprocatlng  engines  and 
gas  engines  wotking  at  a  suitable  load,  taking  all  the  fluctua- 
tions with  the  steam  turbine. 

A  paper  read  befure  this  association  two  years  ago  by  Mr. 
Charles  H.  Williams  mukes  the  stiilement  that  the  present  gas 
engine  is  relatively  no  better  developed  now  than  the  steam 
engine  was  during  W;itis'  time,  and  [  agree  in  that  opinion. 
The  g^s  engine  has  wonderful  possibilities.  The  steam  engine 
has  inherent  drawbacks  that  we  have  all  nearly  given  up  hope 
of  overcoming,  and  the  immense  amount  of  heat  contained  in 
the  exhaust  will  always  be  contained  there  under  present  con> 
ditions  of  operation. 

In  figuring  the  efficiency  of  gas  engines  and  what  you  can 
save  with  them  in  any  particular  station,  you  must  have  not  only 
the  toad  curve  (or  a  given  period  of  days  or  months,  but  you 
must  have  ihc  lluctuations  of  the  load  up  and  down.  You  must 
always  have  enough  gas  engines  to  take  the  full  swing  of  the 
load.  With  a  steam  engine  you  can  run  one  or  two  circuits  full 
swing  if  you  wish  to  lake  care  of  fluctuations,  If  you  have  a 
fluctuating  load  you  probably  have  a  load  factor  on  your 
engines  not  to  exceed  50  or  60  per  cent.  In  liguring  what 
result  you  will  get  from  a  gas  engine  you  must  divide  your 
consumption  of  heal  into  two  pans ;  the  part  that  overcomes 
the  constant  losses  of  your  engine  and  the  part  doing  useful 
work.  A  simple  formula  works  nut  the  consumption  of  heat 
per  brake  horse-power,  t  yrill  give  an  example,  but  it  will 
appear  more  fully  elsewhere. 

The  question,  covered  by  Captain  Tarr,  of  the  development 
of  a  suitable  gas  (or  gas  engines  is  worthy  of  consideration  by 
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ever)-  engineer  Interested  in  this  problem.  There  are  certain 
peculiar  things  in  all  gas  generators  :  one  of  them  is  the  fact 
that  you  can  not  get  enough  CHpacity  per  square  foot  of  grate 
surface.  The  quality  of  the  gas  depends  on  the  velocity  of  the 
oxygen  through  the  fuel  bed.  and  if  that  velocity  is  excessive 
yourcitrbon  will  be  found  in  your  products  as  carbonic  acid  gas 
and  not  as  carbonic  oxide.  In  other  words,  your  oxygen  uniting 
with  your  carbon  presumably  forms  CO*.  U  you  hare  a  low 
velocity  through  the  fuel  bed  the  CO*  will  be  composed  from 
CO,  plus  C  equals  2CO,  but  10  accomplish  that  decomposition 
requires  a  certain  time  contact  between  a  given  atom  of  carbon 
and  a  given  molecule  of  CO*.  If  the  velocity  is  so  high  that 
(he  lime  contact  is  not  sufficient,  you  will  not  make  a  satis> 
factory  gas. 

The  matter  of  washing  and  purifying  blast  gases  and  pro- 
ducer gases  is  receiving  considerable  attention  on  the  other 
side,  but  I  doubt  if  it  is  receiving  as  aggressive  attention  on 
this  side  uf  the  Atlantic  as  it  deserves.  The  producer-gas  fur- 
nace. I  believe,  would  cost  more  for  a  small  installation  than 
boilers  would  cost  and  considerably  less  for  the  larger  in- 
Et  a  nations. 

You  also  have  greater  ease  in  handling  your  fuel  with  a 
producer  generator  than  with  an  ordinary  boiler  equipment. 
There  is  no  reason  why  you  can  not  handle  it  with  industrial 
cars,  or  by  some  simple  mechanical  method,  such  as  is  used  in 
handling  coal  and  ashes,  whereby  you  have  no  considerable  in- 
vestment and  the  equipment  is  easily  and  cheaply  maintained. 

There  were  one  or  two  other  points  touched  upon  by  the 
various  speakers  into  wliich  I  think  they  should  go  more  fully. 
One  is  the  small  space  occupied  by  the  steam  turbine.  In  my  own 
work  I  have  not  found  thai  we  could  always  avail  ourselves  of 
the  lesser  space  required  by  the  turbine  :  or,  at  least,  could  not 
avail  ourselves  of  it  without  using  a  system  of  steam  piping 
thai  would  not  readily  appeal  to  good  engineering  practice — or 
what  would  be  considered  good  engineering  practice.  We 
must  have  boilers  that  give  us  a  bigger  capacity  per  lineal  foot 
of  the  boiler-room,  and  I  am  just  now  trying  to  interest  one 
manufacturer  in  the  building  of  a  very  deep  hut  very  narrow 
boiler.  The  present  boilers  will  stretch  out  a  very  considerable 
distance  in  lineal  feet,  while  the  steam  turbine  could  be  put  in 
a  small  space  in  the  centre  and  in  front  of  these  boilers.  There 
arc  two  or  three  ways  in  which  we  have  proposed  to  overcome 
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tbts  difficulty  ;  one  is  to  liave  our  boilers  in  siackti,  back  to  back, 
and  )iave  practiCHlly  a  double  boiler-room  with  a  fire-door  on 
each  side  and  lead  the  steam  piping  from  one  lining  alley  to 
the  engine-room.  Another  plan  is  to  build  ihe  boilers  with  the 
tiring  doors  at  right  angles  to  the  turbine  and  have  short  alley- 
ways running  up  into  (his  group  ol  boilers,  A  third  way  Is  to 
design  a  special  boiler  having  little  width  and  considerable 
depth,  probably  going  to  a  vertical  boiler.  Another  method 
that  was  suggested,  but  was  not  looked  upon  with  favor,  was  to 
put  the  boiler-room  on  each  side  of  the  turbine- room. 

The  question  of  condensers  and  superheaters  has  been 
touched  upon  here  slightly.  1  have  never  been  able  lo  satisfy 
myself  that  I  can  not  get  a  higher  vacuum  from  a  jet  condenser 
than  can  be  secured  from  a  surface  condenser.  I  am  sorry  not 
to  be  in  shape  to  give  ligures  at  this  convention,  but  shall  be 
ready  to  do  so  next  year,  I  hope-  We  are  going  after  it  in  a 
different  way  from  that  which  is  usually  followed  and  wc  expect 
to  gel  higher  vacuum  with  the  jet  condenser.  The  question  of 
superheaters  seems  to  be  a  rather  serious  one.  ti  is  hard  to 
control  the  degree  of  superheat.  The  superheaters  burn  out. 
No  one  seems  to  be  able  to  give  any  definite  ligures  on  the 
heating  value  of  a  unit  surface  of  superheater.  We  know  pretty 
well  what  we  can  do  with  a  boiler.  At  certain  limes  of  crowd- 
ing wc  can  put  3000,  4000  or  5000  B.  T.  U.  per  square  foot 
through  the  boilers,  but  when  wc  get  to  the  superheaters  the 
capacity  per  square  fool  diminishes  considerably.  The  design 
of  the  superheater  in  question  has  a  great  deal  to  do  with  this. 
The  relative  thermal  capacity  between  the  water  in  your  boiler 
and  your  steam  would  be  as  one  is  to  something  over  3000. 
Unless  you  have  active  circulation  in  the  interior  of  the  super* 
beater  you  have  a  condition  of  transferring  heat  from  one  gas  to 
another  through  a  metal  diaphragm,  and.  while  the  metal 
diaphragm  interposes  but  little  resistance,  as  soon  as  the  lirsi 
layer  of  gas  on  each  side  has  taken  the  same  temperature  then 
you  must  transfer  your  heat  virtuiilly  through  a  non-conducior 
of  unknown  thickness,  a  metal  diaphragm  of  low  resistance  and 
then  another  layerof  gas  that  is  almost  a  perfect  non-conductor. 
Therefore,  active  circulation  of  your  combustion  products  on 
one  side  and  active  circulation  of  the  superheated  steam  on  Ihe 
other  side  must  be  the  solution  of  high  capacity  per  unit  of 
surface  of  a  superheater. 

Thb  Phcsidknt;    I  will  ask  Mr.  Arnold  to  make  reply  to 
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tbe  orioiMi  quesooos  that  have  bees  asked,  as  be  is  the  only 
penoB  wbo  ba>  beeo  asked  aoj  qacsttbn  ia  coanectioa  with 
t&ts  dncuasioa. 

Mb.  Awmu) :  Replyiog  to  Mr.  Mersboa's  remarks  in  re> 
gard  to  the  t^xf  capacitor  and  ratiit{  o(  the  engiaes,  it  must  be 
home  ia  nitad  that  are  took  into  conaideraiion  2  lighting  plant 
fated  at  ioao-k«  capacity  with  a  lo-per-cent  toad  factor. 
A  gas  engine  is  ordioartly  rated  on  its  brake  hDrse-puwerax 
about  15  to  10  per  cent  under  its  majtimoin  capacity,  wbile 
steam  engines  arc  rated  at  tbcir  pbobc  economical  cut-off  oo 
iodlcaied  horse-power,  and  have,  saj,  5a  per  ceat  orcrlnad  oa 
tliat  rating. 

The  difference  between  indicaied  and  broke  horje-power 
amounts  to  considerable,  and  ibe  operating  caparities  of  the 
two  engines  approach  more  doselr  ihan  vould  ordinarily  be 
supposed.  CoDsidcring  the  fact  that  this  is  a  li^tiog  sialioa 
and  has  an  ordinary  lo-per-ceot  load  factor,  the  relay  capacity 
is  well  taken  care  of  by  the  way  in  which  the  uaits  are  laid  out. 

.\Ry  combination  oi  gas-engine  units  or  any  combination  at 
steam-engine  units  mar  be  taken  to  suti  the  load  curve,  and  the 
engines  blocked  in  in  the  manner  that  will  best  take  care  aC  iL 
In  this  ccnncciion  it  will  be  well  to  remember  thai  very  small 
ga^engine  unil&  may  be  run  with  approximately  the  same 
efficiency  ua  large  gas-engine  units,  and  even  the  small  gas- 
engine  units  are  notably  more  efficient  througtioiit  their  range 
oi  load  than  is  the  steam  engine.  Another  point  that  corner 
ngbt  in  here  is  the  relative  efficiency  of  the  gas  engine,  which  is 
«piiken  o(  as  having  a  lower  relative  efficiency  at  Ugiit  loads.  1 
think  that  white  its  efficiency  Joa  decrease  at  light  loads,  as 
does  that  oi  the  sieam  engine,  by  reference  lo  ihe  curves  of 
kinetic  efficiency  of  the  engine — Figure  11 — you  will  tind  that 
at  half  load  the  brake  or  kinetic  efficiency  of  the  engine — that 
is,  heat  input  to  the  heat  equivalent  of  the  work  done — is  jt  per 
cenL  Of  course,  Delow  half  luad  (he  curve  has  mure  of  a 
tendency  downward  until  it  gets  to  zero;  but  ifaat  engine — 
I75'hp  rated  capacity— when  it  is  putting  out  only  i<i  brake 
horse-power,  has  a  kinetic  efficiency  of  over  10  per  cent,  and  on 
its  rated  capacity  and  upward,  over  x<i  per  cent. 

With  regard  to  the  relative  skill  required  to  operate  the 
different  engines,  and  the  amount  of  attendance  necessary,  Mr, 
Dnhcriy  has  touched  upon  the  fact  that  the  large  stations  can 
be  taken  care  of  with   much   less   attendance,  also   with    less 
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relative  skill,  than  is  rec|utre<I  in  the  boiler  equipment  of  a  smull 
plant.  It  has  been  our  experience  that  the  rnginccring  skill, 
the  number  of  operating  engineers,  and  the  general  attendance 
upon  ttie  equipment  ot  either  gas  ur  steam  engines  of  the  same 
size  and  importance  of  plant,  are  about  equal. 

I  should  like  very  much  to  give  Mr.  Mcrshon  the  figures  in 
connection  with  the  cost  of  the  equipment,  but  it  is  an  item 
that  would  obviously  require  a  great  deal  of  time  to  bring  about 
in  detail,  and  realizing  that  there  are  other  speakers  who  would 
like  to  have  time  in  which  to  address  the  convention  )  wilt  ask 
to  be  excused  from  a  further  reply  to  this  question,  except  lo 
state  that  the  figures  given  were  very  carefully  and  con- 
scientiously  determined. 

As  to  the  matter  of  depreciation  of  the  gas  engine,  we,  of 
Louise,  have  not  had  so  much  experience  with  the  depreciation 
i>f  gas-engine  machinery  as  we  have  had  with  steam-engine 
machinery,  but  all  the  experience  wc  have  had  points  lo  the 
fact  that  the  gas  engine  quite  holds  its  own  with  the  steam 
engine,  so  far  as  the  ultimaie  life  of  the  machinery  is  concerned. 
Owing  to  the  high  pressures  dealt  with  and  some  of  the  more 
intricate  valve  mechanism  employed.  It  will  perhaps  be  found 
lo  cost  slightly  more  per  horse-power  for  repairs  than  will 
ordinary  steam-engine  equipment ;  but  I  do  not  think  it  will  do 
so  when  compared  with  the  more  intricate  designs  of  the  higher 
types  of  multiple-cylinder,  rclcasing-gear  sicaTD  engines,  using 
superheated  steam  and  other  refinements  that  go  to  make  up  an 
engine  of  highest  economy. 

I  should  like  to  state  a  figure  for  repairs  that  I  have  in 
mind  for  a  gas-engine  lighting  station  of  3oo-hp  rated  capacity, 
in  five  units,  doing  14  hours'  service,  the  complete  lepairs  for 
which  for  the  year  1903.  including  repoiniing  of  igniters  and 
everything  connected  with  the  gas  engines,  was  ^toi,  or  some- 
thing less  than  i,^  cents  per  horse-power  per  year. 

In  reply  to  Mr.  Tripp,  as  to  the  plants  operating  in  parallel, 
I  will  say  that  with  perhaps  one  exception  all  the  plants 
referred  to  in  the  paper,  and  also  those  shown  on  the  screen, 
used  to  drive  alternating-current  generators  are  operating  in 
parallel,  and  there  are  other  instances  that  might  be  cited. 

With  regard  to  the  i.|-hour  service,  a  number  of  the  plants 
referred  to  and  illustrated  are  giving  14-hour  service,  and  I 
might  mention  the  Rankin  plant,  of  the  McClintic-Marsball 
Construction  Company,  Pittsburg. 
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There  is  anoilier  plant  to  which  I  wish  to  call  your  atten- 
tion as  giving  good  serv'icc,  it  being  quite  a  good-sized  plant ; 
U  is  that  of  the  lola  Portland  Cement  Company.  lola.  Kansas, 
with  5000  horse-power  oi  engines,  operating  crushing  and  grind- 
ing machinery  34  hours  a  day.  The  plant  has  be«o  in  opera- 
tion about  four  years. 

With  regard  to  Mr.  Gardener's  statement  that  by  the  use  of  I 
the  gas  engine,  using  producer  gas.  a  kw-hour  could  be  produced 
for  two  mills,  I  would  say  that  this  is  correct,  provided  of  course 
Mr.  Gardener  means  only  the  fuel  expense,  and  does  not  pay  over 
%3  00  per  ton  for  coal. 

Under  the  assumptions  taken  in  the  comparison  made  io 
the  present  paper,  the  fuel  expense  per  kw-hour  is  three  mills. 
but  this  is  due  to  assuming  $3.00  as  the  price  per  ton  of  fuel. 

The  veitical  double-acting  gas  engine  has  not  been  devel- 
oped and  put  into  service  so  extensively  as  the  horizontal  gas 
engine,  but  several  have  been  made  by  the  Westinghouse  com- 
panies from  500  to  1500  horse-power.  These  are  all  in  operation 
In  Europe. 

Tmk' Pkcsidbnt  :  It  has  been  suggested  that  Mr.  Alberger 
might  be  able  to  answer  Mr.  Abbott's  question  on  the  subject  of 
the  hot  well. 

Mk.  Louis  R.  Albrkcer  (New  York):  1  suppose  Mr.  Abbott 
referred  to  the  closed  hot  well  in  connection  with  dry-racuum 
systems,  in  which  the  water  is  collected  in  a  closed  hot  well  and 
pumped  out  into  the  atmosphere  and  the  air  removed  by  a  dry- 
vacuum  pump. 

Mh.  Ahbott  :  Is  the  air  kept  Irom  coming  in  contact  with 
the  condensation — absolutely  from  contact  with  the  condensa- 
tion? 

Mr.  Alhekckk  :  There  are  various  ways  of  accomplishing 
the  separation.  One  is  to  keep  all  air  entirely  away  from  the 
water,  and  one  is  to  separate  it  after  it  comes  in  contact  with 
the  water ;  there  are  two  ways. 

Mr.  Arrott  :  What  I  had  in  mind  was  with  reference  to 
Mr.  Hodgkinson's  remark  on  the  advantages  of  a  closed  hot  well. 
I  also  h^d  in  mind  an  installation  where  the  water  is  not  kept 
absolutely  from  the  air,  and  [  was  wondering  if  there  was  a 
possible  increase  in  efficiency  by  keeping  it  absolutely  from 
contact  with  the  air.  The  former  is  the  dry-vacuum  and  the 
latter  the  wet-vacuum  system. 
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Mr.  Alkerc.ik  :  You  mean  keeping  ihe  water  from  contact 
with  ihc  atmospheric  air,  or  the  air  in  the  condenser? 

Mr.  Abuott  ;    The  almosphcric  air 

Mk.  At-HEttoER  :  Natiir;3lly,  if  you  keep  ihc  water  away 
from  Ihe  atmospheric  air  it  will  keep  its  temperature  better; 
and,  [tirthermorc,  you  keep  the  water  free  from  air,  and  in  that 
way  avoid  the  troubles  that  have  been  found  in  connection  with 
boiler  plants  usin^;  water  from  condensers  that  contained  air 
and  acted  on  the  tubes  by  oxidation.  The  British  Admiralty 
have  gone  into  this  matter  rather  thoroughly  in  the  last  few 
years  and  they  find  that  if  you  keep  the  air  from  the  water  and 
the  water  from  the  air  (his  corrosion  does  not  take  place  in  the 
Ijoilers.  The  ordinary  wet-air  pump  takes  ihc  water  of  con- 
densation from  the  condenser  and  also  the  air  from  the  con- 
denser, and  then  mixes  them  together  during  the  process  of 
compression  of  the  air.  The  aerated  water  passes  to  the  hot 
well  and  the  mixture  is  pumped  into  the  boiler ;  some  of  the  air 
escapes  into  the  atmosphere,  but  the  portion  that  reaches  the 
boiler  mixes  with  the  steam  when  the  water  is  evaporated.  If 
the  air  is  kept  entirety  separated  from  the  water  and  the  water 
not  allowed  to  come  in  contact  with  atmospheric  air,  after  it 
once  leaves  the  condenser  it  remains  out.  This  process  reduces 
the  amount  of  work  on  the  air  pump  and  avoids  corrosion  by 
oxidation. 

Mb.  Abbott:  Referring  to  the  Commonwealth  Electric 
Company's  installation,  in  Chicago,  with  which  Mr.  Alberger  is 
familiar,  is  it  jiossible  to  improve  on  that  by  keeping  the  water 
pumped  from  the  condenser  entirely  free  from  contact  with  air? 

Mk.  Aluskcer  :  The  feed  water  in  that  case  is  practically 
free  from  contact,  except  at  the  surface  of  the  water  in  the  hot 
well,  which  has  a  cover  on  it.  It  could  be  kept  entirely  away 
from  the  atmospheric  air  by  putting  something  on  that  surface 
lo  keep  the  air  from  the  water.  But  it  is  so  small  a  surface — 
perhaps  three  or  four  square  feet— that  I  think  the  absorption 
that  occurs  there  is  extremely  small.  It  may  be  guarded 
against  by  putting  a  floating  cover  on  that  surface,  but  there  is 
probably  no  reason  for  going  lu  that  trouble. 

TiiK  PxaMDKNT  :  We  will  now  have  the  paper  on  "The 
Mechanical  Stoker  and  the  Human  Operator,"  by  Mr.  Edwin 
Vawger,  of  Pittsburg,  Pennsylvania. 


Mr.  Yawger  presented  the  following  paper : 

THE  MECHANICAL  STOKER  AND  THE 
HUMAN  OPERATOR 


Tlie  mcchai)ic;il  stokfr  is  ;i)i  accessor)-  to  aii  an.  an>!  tlic  nian 
who  operates  the  slokt-r  is  :iii  aiceisory  to  the  wmR-  an.  The 
niecbanical  stoker  is  not  a  thing  by  itself.  It  will  not  in  any  way 
alter  the  fiuutantcntal  principles  of  the  combustion  uf  fuel,  tt 
is  a  part  of  a.  sy^iciu.  of  which  the  air  and  gas  passages,  the  baflles 
and  the  stack,  as  well  as  lite  operator,  are  correUiive  parts. 
Kaiikine.  in  his  manual  of  the  sicani  engine,  enumerates  17  parts 
awl  appcndage.4  that  gn  to  nuke  up  a  boiler  furnace.  His  defini- 
tion covers  practically  every  part  of  a  boiler  efjuipntcnt.  except 
[he  vessel  that  contains  the  water  and  steam,  and  no  builder  uf 
stokers  slioulc!  assume  to  offer  his  machine  to  a  customer  unless 
he  is  competent  to  siibiiiil  a  complete  furnace  design,  properly 
calculated  for  the  conditions  of  the  jianicular  case.  Probably 
more  failures  have  1>ceii  due  to  neglect  of  this  requircnicnt  than 
to  inherent  faults  of  stokers  as  machines. 

It  is  evident  fnuji  ilie  bnjatk-r  view  of  the  appurtenances  of 
a  furnace  that  the  niectianical  stoker  is  to  be  studied,  not  as  a 
|iiece  of  machinery,  but  as  an  accessory  in  the  art  of  fuel  com- 
bustion. 

The  size  of  the  jilanl 

The  kinds  of  fuel  available 

The  ly|>e  of  V>iler  to  be  used 

II1C  prrlimtnary  handling  of  fuel 

The  conditions  of  service 

Hie  design  of  all  |)ans  uf  a  furnace,  and 

Tlic  character  of  the  operator 

Tltcse  are  vital  problems  in  the  an,  and  a  happy  solution  of 
all  of  them  would  greatly  reduce  ihc  mortality  record  of  the 
nieelianical  stoker. 

Much  of  the  literature  on  stokers  and  on  combustion  in  gen- 
eral consists  of  records  of  ^'arious  pcrfonnances.  in  wliich.  as  a 
rule,  some  one  feature  is  prominent  and  others  more  or  less 
ignored.  .\  vast  majority  of  boiler  trials  arc  utterly  unreliable, 
and  even  the  most  reliable  contribute  little  assisiaiicc  to  commer- 
cial judgment. 
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Mr.  Dryan  iJonkin,  in  liis  book  Heal  Efficiency  of  Sleam 
Boilers,  givt*  a  careful  analysis  of  4^5  boiler  trials.  His  con* 
elusion  from  lliis  array  of  daia  is  best  given  in  his  own  words: 

"\Vh«n  making  (Ik-si-  summaries,  the  aiitlior  at  lirsi  thought 
he  might  be  able  to  draw  from  Ihcni  the  conclusion  tliat  some 
one  tyjH-  would  prove  to  be  more  economical  llian  another. " 

"It  is  (|uite  clear  that  much  more  <lc|)cn<ls  iip;>n  how  a  given 
Ixiilcr,  of  whatever  type,  is  worked,  with  clean  or  dirty  surfaces. 
piniil  nr  had  comlHisiioii.  etc..  than  upon  its  furm,  internal  or  ex- 
ternal fires,  watt-r  or  smoke  tubes,  or  the  particular  way  the  dif- 
ferently shaped  heating  stirface»  are  presented  to  the  furnace  an<l 
hot  gases." 

When  400  trials,  carefully  selcetefl  and  analyzed,  fail  to  pro- 
duce any  general  law.  it  is  evident  that  another  point  of  view  is 
nwessary  for  broad  practical  ctHu-Insinns. 

Leaving;  out.  ihen,  the  cpicstion  of  detailed  tests,  it  will  l>c 
the  object  of  this  |>apcr  lo  present  some  of  the  general  considera- 
tions that  hear  on  ibc  art  of  cortdnistion  of  fuel  in  boiler  furnaces. 

The  mechanical  slokcr.  as  a  niachuie.  inuii  ]Kissess  many 
points  of  excellence  in  order  to  contribute  fully  to  net  commercial 
economy.  First  and  foremost,  it  nitisl  he  so  dei>igned  ihal  it  will 
continue  to  supply  heat  to  the  Ixiilcrs  in  spite  of  accidents  or  un- 
favorable conililions  nf  fnel  and  -lervice.  If  heavy  clinkers  form 
they  should  Ik-  capable  of  easy  disposal.  If  the  actuating  niech- 
aniNin  fails,  it  should  he  possible  ti>  conlinue  iiring  by  band  ma- 
nipulation. If  grates  break,  it  should  be  [xissiblc  to  replace  them 
wilhiitii  drawing  the  fire.  In  addition  to  these  primary  retiuire- 
mcnls  are  the  numerous  details  that  mnsl  be  worked  out  in  all 
their  relatione  before  the  full  measure  of  fuel  and  labor  economy 
can  be  realized. 

1  l>elieve  thai  next  to  the  matter  of  continuous  operation, 
llic  most  important  feature  of  furnace  design  lies  in  the  handling 
>if  the  air  for  comhusiion.  .'\  noticeable  thing  about  records  of 
Imiler  trials  is  the  general  lack  of  unifomiiiy  of  results  under  ap- 
parently similar  conditions.  I'nfortmialely.  the  f.iclor  that  enters 
most  largel)'  into  tliis  variation  is  seldom  recorded,  namely,  the 
relative  amount  of  air  con«un:cd.  In  furnace  combustion  the 
fact  is  often  ignored  that  air  is  a  fluid  with  a  definite  spcciAr 
gravity  and  a  consecpient  inertia. 

No  one  would  cx[>cct  water  mains  to  Iw  eflicient  if  con- 
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fitnictcd  with  diversified  cross  svclioii,  &]iarp  turns,  and  odd  cor- 
ners. Yet  il  ■;(  common  to  build  furnaces  in  whicit  Uk  gases 
mccl  with  improper  dcflcaion,  unneces^ry  obstruction  and  re- 
»tricte<l  p3»Mgt.-ii.  Sonietimi:!^  tlic  asli-pil  and  its  doors  arc  ar- 
ranged in  such  manner  that  the  air  by  its  inertia  »eek>  pas»age 
through  a  restricted  area  of  the  fire,  usually  the  rear.  I  have 
iu  mind  one  case  where  a  liopper-lMtiotti  ash-pit  l>eiiig  open  at 
the  front  furnished  the  principal  channel  for  incomint;  air, 
whidi  was  (Iireclc<l  against  the  rear  of  the  Rre.  ilius  causing  air- 
holes ami  a  reduction  in  capacity  and  efficiency.  In  some  cases 
a  fjreat  loss  in  draft  efHciciicy  is  caused  by  the  clashing  of  burnt 
gases  as  they  issue  from  various  boilers  into  the  smoke  connec- 
tion. I  ktKw  <jf  a  ease  where  two  boilers  were  fitted  witli  a  ver- 
tical uptake,  extending  over  botli  boilers.  An  increase  of  25 
|)er  cent  in  the  vfTiciency  of  the  draft  was  accomplistied  by  placing 
a  partition  in  ihc  uptake,  to  separate  the  gases  issuing  from  ad- 
joining boilers. 

It  is  a  matter  of  common  obscr\-ation  that  there  is  frequently 
a  ciinsiderabli-  variation  in  draft  in  difTereiii  furnaces  wliere  a 
number  arc  cwmcctctl  to  the  same  slack. 

\\')Kn  the  furnace  is  hand-lired.  all  the  losses  due  to  the 
improper  mantpiitation  of  the  air  supply  are  rendered  mudi 
greater.  .Vn  indication  of  this  can  be  obtained  by  noting  by 
means  of  a  gauge  the  variation  of  draft  in  the  hre  cliamber  during 
a  cycle  of  firing. 

1  believe  tt  '\»  tile  practice  of  boiler  manufacturers  to  estab- 
lish a  li.\ed  arrangement  of  baffles.  The  furnace  specialist  goes 
further  than  this,  ami  arranges  the  baffles  to  conform  to  the 
nature  of  the  service,  and  the  amount  of  draft  in  the  particular 
case. 

Aecessibility  is  a  prime  requisite,  and  that  stoker  will  gite 
the  b<'St  service  in  which  the  condition  of  the  fire  can  be  seen. 
and  obstructing  clinkers  dislodged  without  the  0|K'ning  of  doon. 

In  view  of  the  prevailing  tendency  toward  the  use  of  large 
boilers,  stoker  design  must  i>crmit  of  a  corresponding  ex|>ansion 
of  grate  surface.  In  many  cases  500-hp  or  fioo-hp  boilers,  in- 
«iead  of  being  fitted  with  ttw:  proper  amount  of  grate  area,  as 
de1enmnc<l  by  the  draft  and  weight  of  coal  to  be  bumnl,  are 
txi>e«'te<I  to  give  results  on  a  restricted  grate,  simply  because  the 
design  doe*  not  permit  the  proper  area. 
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The  itceuliar  thing  about  repons  nf  stoker  repair.4  is  that 
records  cover  only  the  two  extremes  of  experience.  'In  a  few- 
plants  the  small  ciist  of  repairs  being  a  mailer  nf  pride,  a  segre- 
gated record  is  kept  of  stoker  repairs.  In  other  plants,  more  nn- 
r'lirttmate  in  design  and  o[)eration.  excessive  repairs  are  often  re- 
jKirted.  The  range  in  this  respect  varies  from  half  a  cent  or 
less  |>er  ton  of  ti>al  lircd,  to  12  cents  in  extraordinary  cases. 
In  the  large  majority  of  plants  between  these  extremes  there  is 
no  recorri  available. 

ft  shonld  lie  noted  tliat  the  life  of  a  boiler  and  a  furnace 
should  be  logically  reckoned,  not  by  the  year.  Iwt  by  the  gallons  of 
water  evaporated  and  the  mimbcr  of  tons  of  coal  consumed. 

Tlie  foregoing  reqiiirenient*  are  generally  understood  and 
accepted. 

Other  questions  of  furnace  design  no  doubt  have  two  sides, 
with  advocates  for  each.  A  number  of  makers  consinict  fur- 
nace* caiciilated  to  reject  the  refii«  coniinimusly  and  automatic- 
ally, the  argtuncnt  being  that  this  reduces  the  labor  required  and 
adds  to  the  effectiveness  of  the  operation.  On  the  other  hand, 
it  is  claimed  thai  continuons  discharge  will  carry  over  a  consid- 
erable amount  of  condmstible  when  fires  arc  forced,  while  with 
light  firing  there  will  be  a  thin  loiie  in  the  fire  near  the  discharge 
point  that  will  adnul  an  excess  of  air:  also  that  large  clinkers 
will  occasionally  fail  to  pass  through  an  othcnvi<ic  automatic  dis- 
charge. 

The  extent  of  the  fire-brick  arch  over  the  fire  in  furnaces 
operating  with  progressive  feed  is  sometimes  subject  to  discus- 
sion. The  presence  of  an  arch  stiflficicnt  lo  reflect  heat  on  the 
fuel  until  it  is  well  coked  is  always  recommended.  It  is  argued, 
hdwever,  that  the  external  fire  chamlwr.  with  its  full-length  arch, 
throws  back  all  of  the  radiant  heat  upon  the  fire,  thereby  in- 
crvasing  the  rapidity  of  combustion  and  insuring  its  complrte- 
ness.  Other  authorities  slate  that  il  is  better  to  expose  the  heat- 
ing surface  promptly  lo  the  highciit  jiossible  lemperaiure.  to  this 
end  making  use  of  a  large  proportion  of  direct  radiation.  Ran- 
kine  states  that  about  one-half  of  the  lotal  heai  from  the  cotii* 
bustion  of  coal  is  given  up  in  radiation.     The  open  fire,  there- 
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fore,  would  project  a  creaicr  <)uafiiity  of  beat  against  the  lirat 
row  of  lubes,  willi  a  tendency  to  intensify  evaporation  at  that 
point.  Expcrimimts  made  by  the  \orihern  Railway  Company 
of  France  showed  that  eva|X)raiion  around  the  fire-box  of  a 
locomotive  Imiler  avcrajicd  seven  times  a«  great  per  »(]uart  foot 
of  heating  surface  as  the  rate  in  the  llues. 

There  is  no  increased  danger  lo  bi'Hler  tu1>cs  by  reason  of 
high  temperatures.  The  rnpturc  of  a  tube  15  invariably  tluc  to 
some  cause  wiihin  itself,  either  a  flaw  in  material  or  the  pre^-nce 
of  scale  sufficient  to  interfere  with  the  releasing  of  steam.  With 
these  facts  in  mind,  and  with  a  view  tn  reduce  an  far  a»  ]x>ssthle 
ihe  loss  by  external  radiation  and  air  leakage,  it  seems  the  logi- 
cal thing  to  design  an  arch  deep  cnotigh  10  insure  the  atuence  of 
t'ombnstihie  gases  in  the  flues,  at  the  same  time  pcnnittint;  a 
lil)eral  amoimt  nf  diroet  radialinn. 

Judging  from  the  number  of  60-foot  stacks  in  use.  especially 
in  steelworks,  there  would  ap]>ear  tn  Ixr  a  wide  ilifference  nf 
opinion  on  the  subject  of  draft.  If  I  were  asked  to  specify  a 
single  improvement  in  funiaee*  thai  would  net  a  greater  saving 
than  any  other,  ilic  reply  would  be  "double  the  hciBhl  of  all  the 
>lacks  ninv  in  uie."    Iuiei)sifK'<)  ilraft  will  work  wonders. 

pint — It  will  permit  Ihe  burning  of  more  coal  per  squaro 
fixil  of  grate,  therehv  inereasing  furnace  lemjierature.  The 
'lurning  of  more  fuel  [kt  st[iiare  foot  of  grate  surface,  and  the 
consequent  high  temperature,  is  in  itself  an  element  of  economy, 
illustrating  one  of  the  fundamental  laws  of  thermodynamics, 
which  .states  thai  efficiency  is  dependent  on  the  range  of  tempera- 
ture in  the  working  medium. 

Secomi — It  will  make  ronditistion  complete  at  a  ]>oiiit  nearer 
the  coal :  thai  is.  the  Hame  will  lie  shorter,  and  the  excess  of  air 
will  lie  les!t.  This  condition  \s  due  to  ihe  fact  that  a  strong  draft 
rushes  among  the  fuel  at  high  velocity,  causing  a  more  intimate 
mixture  of  air  with  the  inllanimahlc  gases. 

Third — The  same  volume  uf  gas  at  the  same  temperature  wilt 
give  up  more  nf  its  heat  when  passed  rapidly  than  when  passed 
slowly  over  the  same  beating  area.  Many  expi-rimcnts  liavc 
l>een  made  to  determine  a  law  governing  the  etTect  of  specti  on 
Uic  liberation  of  heal  from  gases,  but  the  results  are  variable. 
.Ml  agree,  however,  that  the  cfifeel  is  important. 

It  is  plain  from  this  that  the  stack  or  draft  a}>]iaraiu«  ha« 
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a  function  not  usually  accordcil  lo  it :  namely,  that  of  overcoming 
friction  in  ga.i  iiassages  imlucfd  by  Iiigli  5peetl  of  gasrs.  It  is 
considered!  by  many  a  point  of  good  nianaKoiiciU  to  reduce  as 
mucli  as  po!i»ible  (lie  internal  frioltnn  in  furnaces,  but  if  thi«  is 
'lone  at  tlic  expense  of  speed  of  gases,  the  result  will  be  a  re- 
duced rapacity  and  a  higher  slack  i^n literature. 

Lack  of  space  forbids  taking  up  other  points  that  arc  quite 
well  known  but  often  overlooked.  For  instance,  that  soot  is 
more  fatal  to  economy  than  is  scale  bnt  rot  so  fata!  to  lioilers. 
and  that  under  no  circumstances  docs  water  do  duty  as  fuel. 

Mowevcr  perfectly  the  design  and  construction  of  the  fur- 
nace is  carried  out.  the  demand*  of  ihe  art  are  imly  half  satis- 
fied. The  plant  must  be  operated,  and  the  reign  of  ciernat  vigi- 
lance has  just  begtm. 

It  is  common  cxiKTience  that  nr>  jiarl  of  a  ]>ower  plant  is  suli- 
ject  to  so  much  neglect  as  are  the  boilers.  The  reason  for  this 
lies  in  two  hievi table  weaknesses  of  human  nature. 

First — A  reluctance  to  perform  a  ilirty  and  disagreeable  task. 

Second — A  rehictaiioe  to  piTfunn  any  ta^k  when  its  results 
arc  not  apparent  lo  the  observation. 

An  engine  operator  may  build  up  :i  rtjiniation  by  giving 
such  attention  to  his  engines  that  ihey  will  not  offend  the  eye  or 
the  ear  of  the  observer.  The  chances  are  tliat  if  his  engine  looks 
clean  and  runs  quietly,  it  is  in  fact  in  good  order:  but  the  ex- 
ternal rieanliness  of  a  Imiler  would  argue  little  a<  lo  ihi-  ab*.ence 
of  scaled  tubes,  soot-choked  passages  or  broken-down  baffles. 

Some  years  agi>  I  iK-came  parity  re*|K)nsit)le  for  the  opera- 
tion of  a  large  niecliantcally  fired  plant  in  I'itisburg.  There  were 
|6  boilers  in  the  plant,  and  1  was  asked  to  detennine  why  it 
seemed  impossible  to  secure  sufScicnt  steam  for  the  engines,  I 
made  a  brief  examination  of  the  Ixnlers,  and  foimd  that  the  stack 
draft  in  the  different  batteries  ranged  from  45  inch  to  .7  inch 
of  water,  and  that  .-itack  tiinperaiure>  varied  from  450  degrees 
to  above  700  degrees,  The  general  c«)n<tilion  inside  the  fur- 
naces seemed  obvious.  I  agreed  with  the  numagenicnt  to  pick 
out  a  man  who  would  enter  their  employ  and  have  full  charge 
of  the  boiler  plant,  with  the  exjiectatinn  that  a  change  would  soon 
l>e  apparent.  An  inspection  by  this  man  shnwe<l  that  tn  some 
cases  soot  had  accnnudated  in  sucli  <|naniities  as  to  choke  the 
gas  passages.    This  explained  the  luw  draft  and  ti-mperainre  in 


sonic  of  the  stacks.  In  uthcr  cases  the  balHcs  were  broken  tluwn 
ami  tlispUced  to  «ucli  an  extent  lliat  [he  gases  made  practically 
oiie  pass  llirough  (lie  tubes  and  csca{)e(]  at  bigb  ictn|ierature. 
This  giivc  tile  key  tu  tlie  other  exlretiK-  stack  condition.  It  was 
found,  by  a  little  close  observation,  tliat  the  attctidaiits  reported 
the  external  cleanitig  of  the  IuIks  wilhoiil  giving  through  the 
formality  of  doing  the  worC  A  sliorl  period  of  jii^rsonal  super- 
vision sen,-ed  to  put  tlie.planl  in  such  condition  that  steam  was 
easily  supplied  by  14  boilers  instead  of  16.  This  hapjicned  in  a 
stoker-fired  plant :  it  would  have  been  worse  in  a  hand-fired  one, 
because  tlir  same  human  nature  would  have  been  there,  cmly 
more  of  it.  !i  is  evident  that  Mich  delinqueiuics  rni  the  i>art  of 
attendants  work  eiiually  disastrous  results,  whether  the  plant  is 
stoked  by  hand  or  by  machine. 

There  is  nnolher  phase  of  human  nature  thai  has  an  impor- 
tant iKaring  on  the  cutnparisrni  of  hand  x-frsiis  machine  firing 
which  probably  furnishes  the  stoker  manufacturer  with  his 
iitrongcst  arguinciu  in  favor  of  the  iuiierior  fuel  economy  of 
the  mechanical  stoker.  It  is  the  well-known  fact  that  there  is 
a  wide  variation  in  the  efficiency  of  individual  firemen  in  the 
actual  manipulation  of  the  fires.  I  am  lold  by  the  superintendent 
of  motive  power  of  one  of  our  greatest  railroads  that  lii^  com- 
pany has  for  a  long  time  mainlaincit  a  system  of  rewards,  based 
on  the  economy  in  coal  obtained  by  the  diffcrenl  locomotive  lire- 
men.  Basing  obxervatiuns  ui>oii  the  records  of  a  large  numbcr 
of  firemen,  who  have  been  under  the  s)steiii  long  ciiotigh  to  es- 
tab1i»h  a  jiersonal  average,  it  is  found  lliat  certain  tncUviduals 
maintain  a  higher  average  of  rewards  than  others  throughoui 
a  long  |)eriod  of  service.  If.  ihcR'forc.  the  company  could  se- 
cure a  force  of  llraiien.  each  onv  of  whom  could  ei^ual  the  best 
average,  there  wo«I<I  be  a  saving  in  fuel  amounting  to  many  times 
the  sum  rc<iuircd  for  premiums. 

During  the  World's  I-'air  I  was  called  upon  by  the  judges 
to  conduct  some  comparative  economy  tests  on  traction  engines. 
The  Icsts  were  for  the  piir|>ose  uf  delemiining  the  fuel  economy 
of  boilers  and  engines  combineii.  when  nmning  at  constant  load. 
furnaces  being  fired  by  the  manufacturers'  expert  firemen.  In 
five  engines  icsleil  there  »vas  a  variation  in  results  of  about  15 
IKT  cent.  The  steam  di»trihuiiim  and  ihc  furnace  and  Ittiler 
design  were  quite  similar  in  all  five  engines,  and  il  would  be 
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ait  (o  afi^unic  tliat  tlieir  inherent  cfficit-ndcs  would  iiot  vary  more 
than  five  per  cent.  The  funhcr  difference,  therefore,  of  lO  [kt 
cent  should  he  chargefl  to  the  variation  Ixjlvveen  ex|tert  firemen. 

One  universal  resuU  of  the  substitution  of  mechanical  for 
mannat  invihods  consiMs  in  a  greater  uniformity  of  jiroiluct,  and 
from  the  nature  of  the  operation  it  is  possible  to  maintain  a  stoker 
at  or  near  its  highest  efficiency.  To  obtain  this  very  desirable 
condition  it  will  be  necessary  to  start  right  by  making  a  co:n> 
jicient  engineer  responsihtc.  not  only  for  the  selection  of  the 
machine,  hut  for  the  unity  of  design  of  ihc  entire  furnace,  from 
ash-pit  to  top  of  cliimney.  TIjis  responsibility  is  often  assiune<l 
by  stoker  builders,  and  some  of  tlieni  refuse  lu  make  an  installa- 
tion unless  full  and  satisfactory  information  is  furnished  cover- 
ing all  the  es.^eniiaU  of  ihe  furnace. 

To  maintain  a  Ijoiler  plant  at  its  highest  efficienqr'  is  not  a 
complex  jiroblein.  but  enough  has  lieeii  said  to  show  that  it  re- 
quires constant  and  intelligent  supervision.  It  is  its  capability 
of  responding  to  intelligent  sujiervision  tliat  renders  mechanical 
Ktoking  superior  to  the  human  kind.  The  functions  of  the 
ntacliine  are  varied,  when  necessary,  by  positive  adjustments. 
an<t  changes  in  adjustments  can  !w  governed  by  <lefiuite  rules' 
easily  within  the  comprehension  of  the  dullest  operator.  I 
should  say  in  general  that  any  cliicf  engineer  of  a  station,  wlio 
himself  is  capable  of  operating  successfully  a  mechanical  fnr- 
nace,  can,  with  a  reasonable  amount  of  attention,  secure  uniformly 
good  results  throughout  a  large  plant. 

.\  daily  inspection  of  the  fires  will  assist  as  much  as  any- 
thing, remembering  that  a  whiteOioI  fire  is  an  indication  of  alf- 
a round  economy. 

Recording  instruments  of  various  kinds  nil!  I>e  found  useful. 
es)}cci3lly  in  mechanically  fired  plants.  Probably  the  most  use* 
fid  record  obtainable  in  connection  with  furnace  operation  is  a 
record  of  the  amoimt  of  air  supplied,  Willi  the  unifonn  condi- 
tions due  to  mechanical  stoking,  such  a  record  gives  a  fair  indi- 
cation of  the  degree  of  efficiency  of  the  furnace.  This  record  is 
obuined  in  many  plants  by  an  apparatus  for  the  continuous 
analysis  of  flue  gases.  The  use  of  a  draft  gauge,  att-iebed  per- 
mancntly  and  showing  the  draft  in  the  fire  chamber,  will  give 
an  approximate  idea  of  the  amount  of  air  consumed.  .\  diminu- 
tion in  draft  at  this  point  indicates  air  holes  and  an  excess  nf 
air,  while  a  great  increase  will  indicate  too  great  a  thickness  of 
fire  ami  the  ]iriil«ili!e  presence  of  CO  in  the  Hue. 
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ll  will  be  noticed  tliat  an  expcrl  stoker  fireman,  io  running 
a  test,  will  keep  his  lire  gauRc  at  t]mt  point  which  indicates  the 
proper  lliickness  of  fire. 

Many  rqiurts  find  their  way  into  print  condemning  wholc- 
tuile  the  Mif  of  stokers,  and  many  rqioris  get  cimilated  of  expen- 
sive installations  bciiiR  placed  on  the  scrap  pile.  It  is  just  possi- 
ble that  in  some  of  lhc»e  latter  cases  the  mistake  occurrcil,  not 
in  the  purchase,  but  in  the  discarding  without  making  sure  tliat 
a  ixtrrection  in  some  other  ]*art  of  the  sysicni  would  not  have 
removed  the  difKcully.  Misfit  installations  are  fortunately  de- 
creasing in  number,  and  there  are  now  millions  of  horse-power 
of  boilers  machine-fired  in  the  United  Slates. 

A  pro|M^r  appreciation  of  any  art  is  obtained  by  a  study  of 
its  masterpieces,  and  an  engineer  wlui  ha.t  full  knowledge  of  all 
that  coniribnies  lu  ilie  success  of  the  best  actual  installation  will 
be  best  able  to  duplicate  that  success  in  other  »iuations. 


DISCt'SSlOM 

Tue  Piti!SiDi£.ST:  Mr.  Yawger's  paper  ts  open  for  (li«u«- 
MOii,     Mr.   Parker,  have  you  anything  to  say  on  this  paper? 

Mr.  C.  H.  Parker  (Boston):  The  main  point  seems  to 
me  to  be  the  question  of  tire  temperature.  The  higher  the 
temperature  of  the  fire,  the  better  the  fire  efficiency.  It  is 
shown  clearly  in  all  l1ue-ga£  analyses  that  with  low  fire  tem- 
perature and  a  low  ntunber  of  pounds  of  coat  burned  per 
Dtpiare  foot  of  grate  surface  you  will  have  a  large  excess  of 
free  oxygen.  When  your  fire  is  run  up  to  40  or  45  pounds 
of  coal  per  Siquarc  foot  of  grate,  the  excess  air  is  brought 
down  to  something  like  30  to  40  per  cent  above  the  theoretical 
reijuirements  and  the  fire  is  a  dead  white.  In  our  practice, 
however,  wc  find  that  the  heating  surface  of  tlie  boilers  a» 
ordinarily  installed  will  not  lake  up  the  heat  as  given  off  by 
this  fire  and  that  the  most  economical  point  in  which  to  work 
is  somewhere  in  the  neighborhood  of  25  per  cent  above  the 
boiler  rating.  Where  it  is  possible,  with  an  even  load  condi- 
tion, the  maxinunn  economy  would  come  by  reducing  the  giatc 
area,  burning  a  greater  nimiber  of  pounds  of  coal  per  square 
foot  of  grate  surface,  and  working  the  heating  surface  at  about 
25  per  cent  above  llie  rating. 

Thk  Presioe.nt:     Mr.   R.  S.  Hale,  of  Boston,  has  sent 
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in  the  following  contribution  to  the  discussion  of  Mr.  Yawger's 
paper. 

Mr.  ilALL:  Mr.  Yawger's  paper  is  very  interesting,  but 
there  is  one  point  on  which  I  should  like  to  advance  a  con- 
trary view,  and  that  is  in  regard  to  the  saving  by  increased 
draft.  1  have  made  and  analyzed  a  great  many  boiler  tests, 
and  it  is  my  firm  conviction  that,  other  things  being  equal. 
the  less  draft  that  is  used  the  higher  will  be  the  efficiency.  If 
it  is  a  question  of  getting  a  greater  capacity,  of  course  a 
greater  draft  must  be  supplied.  If  it  is  a  question  of  burning 
more  coal  per  square  foot  of  surface  and  getting  the  same 
capacity  as  before7  which,  of  course,  means  cutting  down  the 
grate  surface,  then  of  course  more  draft  must  be  supplied; 
but  other  things  being  equal,  the  less  the  draft  used  the  better 
will  be  the  efficiency  of  evaporation. 

The  third  point  advanced  by  Mr.  Yawger  in  regard  to 
the  saving  made  by  increased  draft— that  the  same  volume  of 
gas  at  the  same  temperature  will  give  up  more  of  its  heat 
when  passed  rapidly  than  when  passed  slowly  over  the  same 
heating  area — is  a  fallacy  in  so  far  as  applied  to  this  question. 
If  the  conditions — that  is,  the  output  of  steam — are  to  remain 
the  same,  then  the  amount  of  coal  and  amount  of  gas  must 
be  reduced  in  order  to  gain  any  better  efficiency  and  must  pass 
more  slowly  over  the  heating  surface.  If  increasing  the  draft 
causes  them  to  pass  more  rapidly,  it  could  have  none  other 
than  a  bad  effect. 

The  reason  that  the  best  efficiencies  are  gained  with  a  small 
draft  is  that  this  makes  it  necessary  to  fire  more  carefully  in 
order  to  keep  up  the  capacity  and  hence  reduces  the  amount 
of  air  used,  reducing  the  loss  by  the  heat  of  the  waste  gases 
and  also  causing  the  gas  to  pass  more  slowly  over  the  heating 
surface,  giving  the  gases  more  time  to  give  up  their  heat. 

I  will  repeat  that  there  are,  of  course,  many. cases  where 
an  improvement  in  the  plant  as  a  whole  is  made  by  increasing 
the  draft,  but  that,  other  things  being  equal,  the  highest  effi- 
ciency will  be  gained  by  the  smallest  draft. 

(On  motion,  the  meeting  adjourned  until  ten  o'clock  on 
Thursday  morning.) 
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FOURTH  SESSION 

Prt'sidt'iit  Ed<;;ir  calk'd  Uic  nit'etiiis  to  order  at  Iiall 
;u'ur  K-n  o'clock  ami  imiiouiict-d  tin;  first  order  of  busiiioss  to 
In*  tlic  [)a])LT  on  '"llli'cirii;  Liglil  and  I'ower  I'lants  in  Coii- 
lUTlion  wilh  Ice  I'lmits."  prepared  1j_v  Mr.  (..'.  1..  WakefieSd. 
'■I  iJailas.  Texas,  A^>  Mr.  Wakefield  was  mialile  to  be  present 
at  die  iiieeliu.ii.  llie  i^aper  was  read  liy  Mr.  C.  R.  Maiinsell.  of 
Topeka,  Kansas. 


ELECTRIC    UGHt    AND    POWER    PLANTS    IN 
CONNECTION  WITH  ICE  PLANTS 


I  offer  an  ajjology,  to  begin  with,  for  approaclutig  a  subject 
of  this  kiiiil  with  so  little  data,  ant]  practically  all  that  I  am 
about  to  say  is  based  upon  my  own  ex|Krrieiice.  Corre^>on(leii«; 
with  alMtil  50  plants  supposed  to  lie  operating  ice  and  power 
plants  tORethcr,  rosultt-d  in  sliowiny  Ihat  vcrj'  frw  were  actually 
(loinfi  so,  anil  thtse,  with  three  exceptions,  without  pur]>osc — ^by 
aeeideiu,  as  it  were.  It  is  straiiK^"  how  many  oijeralc  by  acei- 
<l«it.  which  proves  how  long-*ntTering  is  the  "Great  Arcliilect." 
J  reconimciid  that  tlie  association  try  to  have  careful  data  kept 
for  tlic  coming  year  on  this  subject  ant!  have  the  results  tabn- 
lated. 

It  can  Ite  accepted  as  a  general  proposition  that  anywhere 
south  of  that  nnicb -heard -of  Mason  ami  Dixon's  line,  ekviric 
lighting  and  power  plants  can  be  operated  in  combination  with 
ice-making  ])lanls.  where  steam  is  the  motive  power,  advan- 
tageously to  both  industries. 

To  many  nienibers  of  this  association  the  art  of  making  ice 
is  ])roIxihly  entirely  unknown :  therefore.  I  beg  your  indulgnice 
to  state  briefly;  Ice  is  made  by  llu"  rarefaction  of  gases  or  lUc 
«va|X)ralion  of  liquids  in  inclosed  pi|>e»,  the  heat  effwrt  necessary 
to  do  this  work  being  taken  from  a  surrounding  mediuu),  a 
non-foiigealing  licai  lonductor.  which  in  turn  gels  its  heat  from 
water,  in  cans  or  on  plates,  which  it  is  desired  to  have  frozen. 

Distilled  water  is  generally  used  for  making  ice.  for  the  sake 
of  purity  and  clearness  of  appearance;  more  especially  the  latter. 
This  water  i»  tlistilled  from  the  steam  exhausted  from  the  am- 
monia pumps  where  tlie  compressor  system  is  iise<l,  an<i  from 
x^inrate  distilling  apparatus  where  the  absorption  process  is  used. 
Nearly  all  modern  anunonta  piitnps  will  freeze  30  per  cent 
more  water  than  their  exbausl  will  furnish,  and  as  the  absorption 
pi'ocess  requires  a  separate  disliUing  apparatus  all  ihe  water  that 
can  be  olnained  from  other  sources  is  an  advantage  easily  seen. 

Distilled  water  must  lie  kept  by  itself,  as  any  mixture,  how- 
ever sligUl,  with  undistiHed  water  will  cloud  the  ice.     It  is  a)»o 
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true  tlial  the  water  must  be  kqW  as  free  of  air  as  possible.  Xcvcr- 
thelens.  il  is  i)racticablc  to  take  distilled  water  from  a  pipe  cnn- 
dcnser  maintaining  a  vacnuin  at  the  same  time. 

As  to  tlie  (|u«lion  of  labor;  We  operated  a  300-k\v  altcr- 
iialing-currcm  plant  with  tlic  addition  of  one  oiler  and  one  fire- 
man more  liian  our  regular  force.  Wc  were  operating  ibis  in 
connection  with  a  lOO-ton  ice-making  plant  of  a  compressor  and 
can  system. 

Il  is.  of  course,  not  good  business  to  start  such  industries 
except  where  a  market  is  already  prepared  or  on  groun<i  thai 
will  yield  to  the  plow,  but  with  these  condition*  in  tbe  right 
shape,  tlic  advantages  of  the  cund>ination  suggested  arc  seen  to 
be:  First—The  eniploymeut  of  labor  for  the  year  around  that 
would  otherwise  have  little  to  do,  Inil  still  must  \k  kejit  on  lianU. 
Second — .\  saving  in  the  use  of  water  tliat  would  otherwise  go 
to  waste.  Third — A  saving  in  ihc  conilensation  in  steam  pipes 
and  hcailcrs.  which  can  be  ahnosi  con»tantly  employed,  fourth 
— The  steady  load  on  boilers,  with  the  advantages  of  whid)  yoii 
are  all  familiar:  and  tiix>n  this  ix>inl  the  following  is  true: 

In  the  warmer  climates  all  business  house*  close  early  and 
peojile  sit  much  out  of  doors  in  the  summer-time.  The  load  on 
tbe  electric  machines,  therefore,  is  ver}-  light;  in  otir  experience 
not  much  over  half  in  summer  what  ii  i.-i  in  winter,  and  not  titore 
than  one-fmirth  in  <tuantity  and  length  of  lime.  While  the  load 
on  the  ice  plant  increases  as  the  summer  advances,  and  dccreaws 
as  the  winter  comes  on,  it  is  also  practicable  to  slow  down  or  clowe 
down  tbe  ice  tnachines  for  a  short  period  during  the  peak  of  the 
load  on  the  electric  plant. 

I  believe  il  emirvly  practicable  lo  operate  the  ammonia  aod 
water  pumps  electrically  so  as  to  give  a  niore  even  load  on  the 
generators, 

I  have  found  it  much  easier  to  get  an  engineer  posted  in 
electricity  llian  one  who  coultl  operate  an  ice  plant.  Electricity 
seems  to  present  so  many  |M>s<iibilities  to  the  imagination  that 
men  seek  to  follow  that  trade,  both  as  to  theory  and  practice, 
who  should  be  writing  "fairy  stories"  on  other  subjects.  I  pre- 
!M-n(  this  as  one  of  the  minor  difficulties  in  the  way  of  these  com- 
binations. 

The  fuel  cost  per  ton  of  ice  has  a  wide  range:  frrmi  \^ 
|>otmds  to  ;^x>  pounds  of  coal  being  necessary,  depending,  of 
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course,  upon  the  calorific  value  of  the  fuel  and  the  manner  oV  Us 
use. 

The  value  of  cold-storage  plants  and  the  necessity  for  their 
existence  in  the  south  are  btnng  slowly  grasijed.  and  these  offer 
a  $till  larger  field  for  growth  and  additions  to  both  ice  and  elec- 
tric plants. 

The  only  hope  I  have  in  presenting  this  short  paper  is  that 
it  may  stimulate  more  patient  investigators  than  myself  lo  ex- 
amine this  question,  bringinu  to  the  work  a  scientific  knowledge 
of  both  industries,  which  1  do  not  possess. 


DISCISSION 

The  Prrsidrnt:  Mr.  Wakefield's  paper  is  Open  for  dis- 
cussion. It  is  a  matter  that  interests  many  members  in  the 
southern  part  of  the  country.  I  do  not  see  why  it  should  not 
interest  us  in  the  Xorth.  but  it  is  new  to  us  and  we  do  not 
know  much  about  it.  The  southern  companies,  particularly, 
liavc  given  this  subject  -considerable  attention. 

Mk.  GeoKGE  N.  TiDO  (Marion.  Ind.) :  I  ask  Mr.  Wake- 
field if  he  ascertained  the  number  of  kw-hours  per  ton  of  ice 
Willi  the  ordinary  motor-driven  ammonia  pumps,  or  if  there 
is  anyone  who  knows  exactly  what  data  there  are,  especially 
on  the  smaller  installations  of  alK>ut  lo-ton  or  20-ton  machines. 

Mb.  K.  T.  Wilco-x:  1  have  had  some  experience  and  will 
atlanpl  to  give  a  little  information.  In  Colorado.  I  had  two 
five-ton  machines,  witli  the  new  process,  whereby  there  was  a 
circulation  of  air  through  the  freezing  water,  and  we  found 
there  that  the  energy  used  on  tli  rcc-phase  motors  was  about 
75  kw-hours  per  nominal  ton  of  ice  prorlnced. 

Mh.  AttTHi:t(  Williams:  ft  seems  to  me  that  this  sub- 
ject of  artificial  ice-making  and  cooling  by  electrically-driven 
apparatus  is  one  of  the  greatest  irii|)ortance  in  the  electric- 
power  industry;  that  the  automatic  refrigerating  load  is  ideal 
for  building  up  power  service  off  the  peak.  We  have  3  num- 
ber of  automatic  electric  cooling  installations,  and  from  our 
experience  have  become  sati.»fied  that  arrangements  can  be  made 
to  cut  off  the  electric  power  at  the  time  of  the  maximum  load. 

I  have  in  mind  an  example  of  the  substitution  of  electric 
power  for  steam  in   which  a  30-hp  motor  was  .lubstitutcd  for 


a  siein^lljlpi^e  of  about  the  same  size  for  drhnng  thv  aninionia 
compressor  ami  a  motor  of  two  or  three  ln>rsr-p*>wcr  fur  driving 
a  |itini)»^t.-ikiiig  tin.'  i)lacf  of  a  sicam  jnimp — by  wbicli  the 
brine  is  circulated.  The  ttittallalion  of  the  plant  as  a  substitute 
for  steam  was  considered  an  experinieni,  bccatise  iIil*  load  factor 
on  the  motor  is  exceedingly  high  normally  and  it  is  the  kind 
of  load  tiiux  offers  an  excuse  to  an  engineer  who  wants  lo 
tacrease  the  central-station  Mil  as  compared  with  the  cost  of 
operating  his  plant;  there  is  also  a  good  opponmiity  for  ne|;lect 
of  the  apparatus.  If  he  wifthe^  to  increase  the  bill,  the  engineer 
can  do  so  by  unnecessarily  lowering  the  tenijirrature  of  the 
brini-.  thus  greatly  increasing  the  consumption  of  power  by 
the  motor,  and  he  can  find  ready  excuse  to  keep  the  motor  in 
constant  operation.  In  this  plant  wc  'did  find  snch  tricks 
resorted  to;  the  brine  temperature  was  kept  much  lower  than 
was  re<(uired  and  the  motor  was  opcriitcd  twenty-four  botirs  a 
day.  .^s  a  result  of  careful  oversight,  by  iho  raising  of  the 
temperature  on  one  hand  and  cutting  off  the  motor  when  its 
use  was  not  necessary  on  the  other,  the  cost  of  the  service  was 
surprisingly  reduced,  to  the  great  satisfaction  of  the  customer 
and  of  ourselves. 

I  think  that  kind  of  load  is  very  desirable,  and  I  am  satisfied 
that  arrangements  can  be  made  to  cut  off  the  motor*  at  the  peak 
in  the  winter  time;  of  course,  in  the  summer  there  is  no  peak 
that  need  be  considered. 

There  is  one  interesting  fact  that  we  have  brought  out — I 
do  not  know  whether  ur  nut  it  is  generally  kn<)wn — that  a  ton 
of  refrigeration  can  be  obtained  by  the  expenditure  of  1.5 
or  1.75  horse-power.  The  system  is  economical  of  space:  it 
offers  the  widest  nmge  of  temperature,  which  ice  does  iKit; 
and  with  some  systems,  if  not  all.  with  automatic  refriger- 
ation there  is  a  Iwlter  condition  of  the  c">ntents  of  the  ice 
box.  With  the  u-^e  of  tee,  the  surface  of  meats  is  stdiject 
to  deterioration,  which,  I  understand,  is  not  the  case  with 
the  u*.f  of  automatic  refrigeration;  consequently  there  is 
less  waste,  which,  figured  in  the  re«uli.s,  might  largely  offset 
the  additional  cost,  if  there  be  any,  over  the  cost  of  ice. 

Mr.  G11.CIIRIST:  I  heartily  agree  with  Mr.  Williams  in 
his  opinion  that  it  is  a  very  ea*y  nuitter  to  induce  the  owners 
and  operators  of  refrigerating  plants  to  cut  off  their  load  at  (be 
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Hm«  of  the  acute  i>cak  uf  ihc  lightine  company,  especially  in 
ihc  nortlieni  climates.  As  1  li.ivc  analyzed  {he  subject,  it  seems 
to  mc  that  the  elect ric-liRhting  man  who  wants  to  get  refrig- 
erating  business  must  do  one  of  two  thin){s:  he  must  either 
arrange  to  combine  his  lighting  and  pnwer  with  the  refriger- 
atwa  plant,  so  that  the  same  corps  ot  engineers  that  takes 
care  of  the  brine  and  ammonia  machinery  can  take  care  of 
the  engine  and  dynamo  machinerj',  or  else  he  must  nse  his 
infiucncc  to  restrict  the  size  of  the  refrigerating  plant.  I  have 
figured  with  a  large  number  of  houses  in  Chicago  and  we  find, 
35  Mr.  Wakefield  states,  that  it  is  very  difficult  Jo  get  good 
refrigerating  engineers,  and  ihey  are  very  high-(>riced  men.  It 
takes  a  much  higher  grade  of  man  to  operate  that  kind  of 
machinery  than  to  operate  ordtnarj'  electric- light  and  power 
machinery,  so  if  it  is  a  large  house  and  widely  separated  fron) 
the  lighlinR  station  ii  will  be  foimd  that  current  must  be  sold 
at  a  price  that  very  few  of  us  can  make,  in  order  to  secure 
the  contract.  In  figuring  with  one  hou.'ie  in  Chicago — while 
we  did  not  make  any  proposition,  wc  obtained  their  views  and 
went  into  figures  with  ihcm — as  to  what  price  Ihcy  could  stand, 
contemplating  an  agreement  under  which  they  should  cut  out 
the  service  absolutely  from  three  o'clock  in  the  afternoon  till 
eight  or  nine  In  the  evening,  they  satisfied  us  that  they  could 
not  afford  to  pay  more  than  one  and  a  quarter  to  one  and  a 
half  cents  per  kw-hour. 

I  have  found  in  the  case  of  wholesale  refrigerating  that 
in  our  big  cities  the  question  of  cartage  comes  in  to  a  very 
a>nsidcrable  extent,  and  as  commission  houses,  butchers,  and  so 
forth,  are  the  lie«  patron*  of  the  cold-storage  houses,  they  have 
added  to  iheir  cost  of  cold  storage  a  large  cost  for  cartage. 
In  a  great  many  districts  where  small  commission  houses  are 
located  it  is  found  that  the  Uiwer  floors  are  in  great  demand 
for  the  sale  of  produce,  but  the  lofts  in  such  districts  are  fre- 
quently a  drug  in  the  market,  and  wc  have  been  able  to  con- 
vince a  few  of  the  relatively  small  people  that  what  ihey  should 
do  i.i  to  put  in  their  own  cold-storage  houses  in  the  lofts.  Wc 
have  one  or  two  installations — one  in  particular — where  there 
is  an  instaltation  of  135  horse-power.  Under  our  Wright  demand 
rale*,  by  careful  use  of  their  motors,  they  earn  a  rate  of  prac- 
tically three  cents,  and  it  has  apparently  been  extremely  satis- 


factory  to  thcin.  \\>  obtain  a  revenue  of  about  $80  per  con- 
nected Iiorsc-jwwcr  per  y«ar  from  this  customer,  and  lie  i& 
well  .sati»iie<)  ami  we  arc  well  «ati:^e<l.  Our  agreement  with 
him  provides  that  he  shall  shut  olT  his  plant  entirely  frum 
tlircf  to  seven  o'clock  p.  m.  during  November,  December  and 
January. 

Mk.  L1!i>n  H.  Schbrck  (New  York):  1  under>tand  from 
the  title  of  the  paper — "Electric  Light  and  Power  Plants  in 
Connection  with  Ice  Plant*"— that  the  author  would  suggest 
the  advisability  of  small  central  stations  in  the  Soutli  going 
into  the  ice-making  business.  I  look  at  this  chiefly  from  tlic  . 
commercial  ^ide,  and  I  fmd  two  very  serious  objections.  In 
tht  first  place,  those  of  iis  who  are  associated  witli  plants  tn 
some  of  the  smaller  cities  will  realize,  as  the  larger  companies 
also  realize,  the  advisability  of  not  having  the  public  think  that 
we  arc  grasping  too  mudi.  Hspecially  is  this  true  where  the 
local  councilmcn  arc  so  intimate  with  everybody ;  to  go  into  the 
ice*making  business  would  tend  to  make  ihnn  Mieve  that  wc 
were  creating  too  much  of  a  monopoly,  whicli  is  a  very  bad 
impression  to  have  formed.  Again,  in  the  smaller  cities  you 
are  not  required  to  put  your  wires  under  ground:  fraiw;hi!(e»  for 
lighting  plants  arc  very  easily  obtainable,  almost  witliout  cost 
to  tbo»e  who  obtain  them,  and  by  going  into  the  ice-making 
business  we  may  perhaps  force  the  ice  people  to  go  into  the 
electric-lighting  business.  It  is  not  hard  for  the  ice  people  to 
secure  some  very  valuable  business  from  the  lighting  company, 
from  the  fact  that  they  run  tlicir  plant  all  night  and  no  expense 
of  underground  wiring  is  necessary  to  compete  with  the  central 
station  in  certain  di$trict»  that  are  valuable  to  the  central  station. 
I  think  these  points  .«hoiild  he  considered  as  well  as  the  technical 
side  of  the  tjucstion. 

Mr.  Anobf.w:  1  think  Mr.  William?  referred  more  |wr- 
ticularly  to  stuall  plants,  and  not  to  wholesale  manufacturers 
as  Mr.  Gilchrist  suggested.  Wc  have  found  in  New  York  thai 
it  is  not  difKcull  in  plants  c«innecied  M-ith  restaurants  to  have 
tliem  lower  their  temperature  just  licforc  our  peak  comes  on. 
stop  the  compressors  during  our  peak,  and  keep  only  the  brine* 
circulating  pumps  going.  In  the  downtown  restaurants  the  ice 
hoxe*  are  closed  before  the  peaks  come  on.  As  regards  the 
class  of  men  necessary  to  operate  this  type  of  machinery,  we 
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have  had  no  difficulty  with  low-grade  men.  When  ice  plants 
were  installed  on  ships  ihi?  electrician  or  an  oiler  was  assigned 
to  lake  care  of  ihein,  and  the  san)e  thing  is  true  in  land  practice. 


I 


TuK  Pkksiuent;  Many  oi  the  members  of  the  associa- 
tion have  expressed  their  thanks  to  me  as  the  prcsidcnt'of  the 
Hoston  Kdison  company  and  abo  ns  pre-sidt-nt  nf  the  National 
Electric  Light  Association  for  the  entertainment  that  has  been 
provided  dnring  this  convention,  of  which  we  have  had  ample. 
i  want  to  say  tliat  everything  that  has  been  done  for  you, 
and  every  cent  that  has  been  spent,  has  been  provided  by  the 
local  electrical  interests  in  Boston  and  vicinity — the  illuminating 
companies  of  the  neighborhood  and  the  manufacturers  who  have 
offices  in  this  city,  and  other  supply  houses  and  manufacturers 
of  this  gener^il  district.  It  is  simply  the  New  England  elec- 
trical interests  that  ha^-e  been  doing  ihi^i.  and  [  want  to  be 
sure  that  you  all  understand  that.     (Applause.) 

TTic  next  two  papi^rs  on  the  programme  are  somewhat 
more  ebiborate  than  usual,  and  in  order  that  the  association 
may  not  be  accused  of  extravagance  1  want  to  say  that  the  first 
paper  is  tbe  gift  of  the  New  York  Edison  company  and  the 
second  the  gift  of  tlie  Boston  Edison  company,  so  that  the  only 
expense  to  the  association  will  be  the  nominal  one  of  accepting 
what  we  have  given  an<I  putling  it  in  the  report  nf  ihe  pnv 
cecdings  of  the  convention.  Al!  the  clalHtratc  work  on  t)oth 
these  productions  is  paid  for  by  the  two  local  companies,  who 
are  pleased  lo  present  the  report*  to  the  association.  I  will 
ask  Mr.  Williams  to  read  his  paper  first  and  Mr.  Vrcdcnburgh 
to  read  his  paper  next. 

Mr,  .■Xrthur  Williams  read  the  report  on  sign  and  decorative 
lightinf-- 

fMr,  Williams"  report  wilt  be  found  in  .Appendix  B.  ,^ 
sufficient  number  of  copies  to  be  bound  in  the  book  were 
presented  by  the  N'cw  York  Edison  company,  and  the  number- 
ing of  the  folios  does  not  permit  of  their  insertion  in  the  body 
of  the  bor.k.  Hie  plates  for  Mr.  Vredenburgh's  paper  were  pre- 
sented bv  the  Hoston  Edison  company, — EnixoR.) 


Mr.  LaRue  VredcnburRh  rca<T  the  followinj;  report  on  advcr- 
lisinfr  mclhods : 

REPORT  ON  ADVERTISING  METHODS 


In  rcptirting  on  "AdvcniMng  Mcihods,"  your  Rcponcr  rvrognizcs 
the  bimdness  of  ihe  (heme,  anil  b.  sorely  i«ni|iic(I  \o  philnsophixe  on  the 
general  subject  of  advertising.  It  is  a  subject  thai  intru'tci  itself  ujion 
one's  notice  day  and  lUKlit.  all  ildii;;i  vi^ibli'.  imludinfi;  the  >un,  mix>n, 
and  stars,  an  lorcrd  into  scrtice  as  Hdvcrli^ing  mediums.  Mountains, 
rocks  and  rivers,  must  do  their  share;  the  Rcnius  of  the  anhi  and  the 
jioci,  in  (hcM  [(rucliciil.  malter-of-faii  dnys,  is  imllcc]  from  its  pcde^al 
i>f  romance  and  sentiment,  and  made  to  do  siunis  on  the  Ma^e  o(  com- 
mercial publicily.  Lilerary  lalcni  can  make  more  mone>-  wriiin|i 
"catchy  ads."  and  designing  persuasive  booklets  than  by  fnimit>^  epic 
poems  or  souI-stirr!ng  romnncvs.  The  preacher  tan  make  a  good  many 
dollars  on  the  side,  if  he  so  desires,  hj'  ad^ertiwnd  Pears  Soap  «hen 
admonishing  his  congregation  to  observe  cleanliness  which  ts  nnt  to 
godliness.  The  "advertising  man"  is  rapidly  pushing  liim.'«lf  inio  a 
position,  hy  unin);  (or  himself  some  of  the  methods  that  he  advocates 
for  his  clients,  where  he  is  recognized  as  one  of  the  ptnitfi  in  the  world 
<ii  businciis.  It  i»  a  noticeable  (acl  thai  almoii't  nny  line  of  business 
that  has  been  doin);  fairly  well  for  a  good  many  years  without  adopting 
advertising  methods,  when  first  »ppn)athcd  on  the  subject,  invariably 
says,  —  "I  am  in  a  peculiar  position  in  this  regard;  my  buunew  j^  o( 
such  B  nature  that  advertising  cnnnni  jinssibly  do  me  any  good,"  but 
the  aforesaid  advertising  man  gels  after  this  line,  good  and  hard,  with 
his  hypodermic  needle  chnrgecl  with  ndveriising  lymjih,  and  pretty  soon 
the  germ  ftets  into  the  blood  and  almost  immediately  we  have  another 
n-cll-dcvelo|>ed  case  of  advertising  (ever,  and  the  businew  at  once  begins 
to  boom. 

Vour  rc]toncr  has  reci'iv«<l  a  large  number  of  letters  from  memb«-rs 
of  the  as.<iociation.  in  response  to  his  circular  in  which  he  asked  for 
expression*  of  opinion  as  to  the  Ijest  methods  of  adveriUing  to  t»e  u«ed 
by  lighling  companies,  and  in  a  great  majority  of  these  letters,  the 
writers  expressed  a  lively  intereMl  In  the  subject  but  admitted  a  marked 
lack  of  experience.     In  many  cases  this  experience  has  been  confined  to 


iheuscof  very  limiit^  space  in  ihcir  local  papers,  used  in  many  insiancoi 
more  (or  l)ie  purjiuse  cif  «>lalilishing  uiul  mainiaimn^i;  friemlty  relationii 
wiih  ihc  papcre  themselves  ihan  wilh  the  idea  o(  securing  business  l>y 
ihin  means.  The  run.sensux  of  <)[>inian  ^ema  to  l>e  thai  up  to  thcprcM'nl 
lime,  or  al  least  to  wiihin  the  last  year  or  two,  ihc  spectacular  features  of 
electrical  a|)j)li(*iili<m  were  ho  marked  iiml  the  genenil  Miliject  of  vlei- 
tricity  so  inieresliiig  on  account  of  its  novcliy  and  the  element  of  mystery 
involvetl,  that  it  udvert!se<i  iisdf,  )>ul  nil  are  uliout  ready  to  admit  ihat 
these  features  can  no  longer  be  dqicnded  upon,  and  thai  whereas  hitbrrio 
the  iliiel  cjue-iion  has  lieen  to  incmLse  th«  capiuily  (or  making  the  supply 
meet  the  demand,  the  ridge  is  about  passed,  and  from  now  on  more 
enerj^y  musl  he  devoled  to  marketing  the  |>rtNlu('i. 

Your  leiMirirr  lincls  ihal  very  lllllr  hiis  bwn  done  along  advcr- 
tiwng  lines  liy  members  of  the  association,  with  the  cxcepiion  of  iho« 
companies  liKaled  in  Mime  i)f  the  larj^er  cities,  imlnMy  New  York. 
Brooklyn,  Philadelphia,  Chicago.  Ucnier  and  Uosion,  and  ihe  liisl 
named  taxm*  to  tw  the  only  one  where  a  thorough,  energetic  and  n'xlc- 
malic  campaign  has  been  proseiuted.  You  will  therefore  i)ardon  tW 
necessarily  fre<]uen(  refcrenics  to  the  experience  ii(  the  Kdison  romjumy 
of  Boston, 

The  practice  of  Issuing  a  monthly  publication  uas  dnt  inaugurtTei! 
by  Ihe  New  York  Iviiison  Ci>.,  and  its  Bulltlin  is  now  in  its  third 
year  and  getilnK  Iwtter  every  month.  This  example  wa.-i  pmmirily 
(ollowcd  by  the  HnHiklyn,  Chicago  nnti  Boston  Companies,  and  7'ke 
Brooklyn  Edison,  The  EUtlrU  CUy,  and  Edhoii  Light,  make  thdr 
apjiearance  as  near  the  first  of  each  month  a*  iilitori.il  prorrastinatitwi 
and  striking  printers  nill  permit.  The  public  appreciation  uf  theic 
i.t  evidenced  b}'  their  steadily  iiicreiuMng  circulation,  especially  in  the 
case  of  the  New  York  Company's  BiiUelin,  which  has  grown  from  Ut 
original  ifAxie  ut  lurnly-fiK  hundred  In  oier  jiirly  thousand. 

The  difficulty  of  delermining  what  definite  results  in  the  w.qy  oi 
inc  rea>wl  bu.''ines>  accrue  from  sue  h  publications  is  re;nlily  appreciated, 
but  they  undoubtedly  scnc  a  beneficial  purpose  in  conjunction  with 
other  udvertisinK  matter  in  keeping  the  com[iiiny  in  evidence,  educating 
Ihe  public  as  to  the  advantages  offered  in  the  use  of  cIcctriHtj-.  and 
cs|<erially  in  emjJiastidng  the  growth  und  enteriirisc  of  the  company 
itself.  Very  little  has  luvn  done  by  the  clcdric  lighting  companies  in 
the  way  of  maintaining  exhibition  depart m en t.-,.  where  the  pnicticnl 
application  of  electricity  to  the  varied  purposes  for  which  it  is  adapted 
Ik  demonstrateil;  In  this  reguni  the  gas  rninpanies  have  far  outstripped 
US.     A  few  of  Ihe  electric  companies  throughout  the  country  have  a 
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motor  or  two  and  a  few  rleciric  fixiurei.  in  a  corner  tul  ibrir  office^  but 
no  npeciul  efTon  b>  made  lo  show  ihrm  or  to  in\itc  inspection.  There 
are,  however,  a  small  numbcrwho  have  o|>eiied  show  rO(>ni<  and  connider 
them  valuable  mcan>  of  .t(K iTtistng.  The  S>tiiiii«  Lighting  Companv 
hu  «  very  attractive  exhihillon  room  with  a  good  asmnmrni  uf  elec- 
tn'irtl  ap|>iinitti«  on  view  iind  rer>'  unislir  lightine  rffecis. 

The  Citizens  Klcrtric  Company,  of  Eureka  Springs,  Ark.,  has  a 
small  show  room  tn  connection  with  its  office,  wiih  a  fine  street  cxpoMire 
and  handsome  uindow. 


■If 


The  Bennington  Water- I'tiwrr  &  Light  Comiiany.  Ucnmngtoo, 
Vt.,  has  an  cffectiicly  decorated  show  window  which  mu>i  from  nrce*- 
Bily  attract  a  great  deal  of  attention. 

The  Edison  Company,  of  Philadelphia,  exhibits  a  number  uf  molon, 
some  healing  ap)iantlu^.  and  an  assortment  uf  lighting  tixiurcs.  fans, 
etc.,  in  the  window  on  the  j.treei  Boor  of  its  general  offices. 

The  Edison  Company  of  Boston  seems  lo  be  the  pioneer  in  Iht& 
line,  and  hu»  for  over  (our  years  niainiaineil  an  extensive  and  elabonic 
AKhibitJon  deparimiml,  with  erninentlr  nlisfactoi^*  results     This  de- 
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INirtment  wax  the  ilireri  outicruwth  o(  an  exhibit  nhidi  th«  rompany 
made  at  the  Mcchnnic»^  l-'sir  in  lio«lon  in  the  fall  of  i8q8.  Itic  exten- 
iiive  inle^e^l  nhtiwn  In'  the  public  in  this  exhibit  and  the  univenallv 
favorable  ramnienl  u  hirh  il  clicileit  ^U(y;e^le(l  to  ihe  managrmeni  of 
the  K<]i^^l^  Compntiy  the  idea  of  cipcnin(t  a  Mechanics  Fair  of  ils  own, 
fnr  tlic  display  o(  Heilrieal  apfmniiu^  and  the  demonslfation  of  it.- 
uiiliiy,  Ingelher  with  a  display  of  cfl'iitenl  and  iirlislU  lighting,  nA»rd 
ini;  at  Ihe  same  lime  an  »t>|K>nunily  for  manufHclureiv  to  show  ibcir 
various  produrt^  under  favimhle  inndilinns.     Nn  rlutrgc  k  nu<Ir  f'>r 
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S<tiun  Bsoih  al  MKhwiMB  Pair,  Oc4«faai.  ■■• 

the  use  of  &pafe,  the  only  eufidiiions  impo)«d  u)>on  exhibitors  Iwing 
that  their  apparalu.'  remaing  in  the  dc|>annK-ni  al  their  uwn  risi, 
oil  lonsignmenl  for  ;it  ka^l  one  year.  M.iiiu(4(lurer>  have  nligwn  a 
kecti  appreciation  of  ihe  o{>ijonunity  here  offered,  and  (nnn  the  day  of 
opening  lhi<-  (Ie|iiiniTi«nt  all  available  «)i:iie  hus  been  occupictl,  vith  a 
w^iitinK  liM  anxiou!ily  dc?^irous  uf  exhibilinij  tlieir  pfixlucl.  On  account 
of  Ihe  building  in  which  thit  <k-|iann)ent  is  installed  being  somewhat 
away  from  any  main  th(>TOU);hfare.  il  w^>  <teefne<l  nrrie<sjity  to  call  the 
attention  of  Ihc  public  to  its  rxisienre.  and  the  ad^erli-inK  reported  to 
In'  the  company  fcir  thb  |iur(*nae  may  juAltr  be  considered  the  first 
sy(4enialic  and  cncr)^lic  rllort  made  along  this  line.     f)urini;  Uie  nMii(h« 
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and  oD  account  of  tfa«  difficulty  of  lUscnminalini!  in  \hv  choicr  of  ran 
the  entire  number,  some  i;oo.  were  used.  Some  s]Xife  wakafcain  used 
in  (he  daily  |vi|>ers,  and  ahmii  looo  p«islpre  (seven  by  nine  fe«)  i^-e-re 
displayed  on  bill-boards  throughout  the  city.  A  nne-hiilf  (tiftv  aH\TT- 
tisemeiit  was  alxo  intterled  in  all  (he  lh<.-airc  programs  for  the  s:iine 
Icnph  of  lime. 

An  elTori  uus  mad«  by  the  attendants  in  the  deparuncnt  lo  deter- 
mine, by  questioning  the  visitors,  which  method  of  advenijiinjt  attniried 
xhe  miisl  atlentiun,  and  the  ron<'lu>ion  w^is  mrht-d  ihiil  the  pnitter^  nttd 
theatre  programs  were  of  very  little  service;  ihe  ftreai  nviijuriiy  o( 
vbitorft  slutlnii;  that  they  had  nuticed  the  advcniwrnent  cither  in  the 
cars  or  newspapers;  as  bclwccn  lhe»e  two.  it  wil*  iin|Ni<Hlilc  tn  dende,  as 
th«rc seemed  ti>  l>e  1>ul  very  tiltli^  difTercnre.  A  fraiure  lluit  :ilirailc<d 
a  grcnt  deal  of  attention  during  the  fall  of  1903,  was  the  |>ni^lka1 
dem»n>lraltiin  of  elm-iric  ntokin)!  th:il  was  given  in  this  dqi.iriment 
evcrv*  alitrrioiin  and  evening  and  resulted  in  (he  sale  of  ;i  ti>ii.-.i(ler' 
■  able  amount  uf  cooklni;  appannluK  by  the  roRipany  thai  manufuctum 
il,  and  the  iimscquent  addilion^il  consiimpiion  of  &li»on  curnrnt.  It 
might  be  stated  here  that  this  iletinrtmeiii  diie>  nm  art  a»a  vilev  agent 
for  any  of  the  concerns  represented,  but  is  always  glad  to  put  pn)j.pec- 
live  customers  and  interested  |>urlie.vin  touch  with  the  agent*  or  the 
manufacturers  themselves. 

The  emincndy  sattnfaciary  results  oliiained  from  the  adveni^njt 
dune  in  this  lonneclion.  in  ctllracling  visimrs  to  the  exhibition  rleparl- 
mcnt,  naturally  had  its  effect  iit  rctommending  advertising  mi'ihrnU  in 
genend.  an<l  has  resulted  in  the  eMablishing  by  the  Bdiwn  Company  uf 
HostoD  of  an  advertising  dcjianment,  and  in  the  prosecution  of  syUt- 
matit  and  energetic  adveriiMng  campaigns,  with  n  view  to  the  lUrccl 
incmsc  of  business 

There  are  lieing  <-arTied  on  at  the  present  lime  four  distinct  "fcdiow- 
up"  plans  for  promoting  busitiess  in  the  fullowing  linc&:  POWER, 
SIGN  LIGHTINCARC  LIGHTINT..  and  RF.SIDf'Sri:  l-IOHT- 
lN(j.  with  a  separate  mailing  list  for  caih,  these  lints  aggregating  alxwil 
tifteen  thuu^ind  names.  This  is  done  entirely  through  <he  maiU,  and 
in  the  lirsl  three  lines  above  named,  the  c.impiiign  is  to  Insi  for  3  year, 
during  which  time  iw-enty-scvcn  separate  communicaliun>  will  be  sent 
10  each  natne  on  (he  list«. 

Tliesc  coinmunicalions  consist  of  fac-simile  lypewrilten  letters,  en- 
closin;;  cither  stamped  envelo|>e«  or  return  jxxstal  ranis;  illustrated 
booklets;  mailing  cards,  etc..  gotten  up  in  pleasing  and  calcby  »tylcs 
and  Eo  tn(ersper<r'l  as  lo  avoid  monotony  and  keep  up  (he  intere&t. 


3JO 

The  Residence  Lighting  tiimpuiKti  was  dt^Mjjniil  in  run  for  onir 
■  four  monihs,  namely:  February',  Mnnh,  April  and  May.  nml  lu  eon- 
>is(  »f  ninetL'cn  cum munkal ions,  of  iheaamexeiieral  nuiufr  aik mco (toned 
aliuve;  l>ui  lo  be  o(  a  more  dignified  lone  and  in  large  pan  intendrd  In 
.ippe^al  especially  lo  ilic  women,  .imong  these  bcinj;  a  oumlivr  of  very 
liiindMimo  nri^iniil  dr.-i^^ings.  mmlc  l>y  wnne  of  ihc  Iksi  artists  in  ibe 
country,  pre--«ntinj;  dor»C!ilic  scenes  and  illustratinK  the  viiritnt^  mrlhcHk 
of  u-iin^  elcclricily  in  the  home.  These  ure  suflficienily  artistic  lo  ju!>lify 
their  bnng  framed  and  hunt;  in  the  most  allraclive  hMne«,  sfr^iiy 
AH  :i  nmslant  reminder  of  the  xstbetic  posttibi lilies  in  electrical  aft^M- 
rill  ion. 


Of  oour*e  the  personttl  letter:  inclosing  postal  cards  or  Maffljicd 
envelopes  have  elicited  the  greatest  number  of  replies,  but  the  bookleu. 
mailing  lards,  etc.,  have  mntenally  hclried,  as  evidencwl  b)  ihe  (act 
that  in  many  cases  the  letters  called  forth  no  rcpl;  imn)edliiiely  u|>on 
their  rempl,  bui  were  answered  afler  the  interest  of  the  redpicnl  had 
been  stimulated  by  the  printed  matter.  The  srile  purpose  of  these 
campaigns  has  been,  not  the  closing  of  contracts  and  !<ecunnx  of  buM- 
ncss  directly  from  the  adterliMng.  but  simply  as  an  aid  to  the  <ait)cilini; 
deparimcni  in  securing  appointments  and  localiUK  a\-ailablr  fivld>  fur 
work,  and  there  can  be  no  i^ue-viion  of  their  baling  screed  this  purims- 
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vtn,  fnr  in  'MdMntotcs  when  m(i»t  emphatkally  unfnvorable  rvplicb 
have  been  raeHSR  thc§c  very  rrj)liC3  haw  <j|M:nt-<l  the  (liK>r  fur  ihe 
tadftil  wtidlor  and  buviiaens  has  been  secured.  The  (ttlvcnbing  de- 
partment keep*  a  complete  curtJ  c-atalogue  of  e:iih  of  the  affiresaid  lislj, 
with  A  tianl  for  each  name,  upon  which  is  noted  the  dale  and  nature  of 
each  communioitiiin;  the  date  oT  reply,  uhen  any  i*  received,  ami 
whether  favorable  or  unfavorable:  the  date  when  ("ntravt !»  clcu«d,  and 
cla-is  of  contract;  the  amount  of  originnl  installation,  uikI  ^ilio  smU^c- 


queni  inMallations,  and  Ihe  amount  of  money  paid  from  time  to  time 
by  the  customers.  A*  soon  as  a  tuniract  i-*  closed,  Ihe  card  is  rcino\'cd 
from  the  original  file  and  plaicil  in  a  tile  *i(  "  cuslomeR* secured  "  and  a 
■lew  name  subxtiiuted.  Uy  means  of  this  system  it  n  p(i.»ible  In  delcr- 
niine  the  exact  amount  of  business  secured  direiily  (rom  this  ad>-er- 
tisirm  durin|{  ilie  <'urr(.-nt  year,  bui  it  is  undoubtedly  true  lliai  more  or 
lew  Comes  indireitly  as  llie  results  of  ihij.  eftort.  no  rtconi  of  which  can 
be  kept,  and  possibly  next  year  and  c»en  ihe  year  after  may  yield  r«uHs 
from  this  year's  work  which  in  justice  should  be  crediietl  to  the  adver- 
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ilting  ucxouni  of  the  lurrvnl  >L-ur.  At  any  nitc,  by  ihe  use  of  tfab 
sysicra,  there  U  no  danger  of  giving  udverlising  credit  for  mont  than 
its  diK. 

It  sevens  to  have  been  the  practice  with  quite  a  number  irf  co 
jutnit^v  to  -*n(l  out  in  ihcir  mail,  with  bilK  letterv.  etc  ,  printed  mailer! 
cnianalin};  from  viiriuu!t  maiiudu'turers  of  ele«.'tn(al  supplier,  >erking,  of  j 
course,  to  interest  present  customers  in  spvciiil  electrical  apparatus,  and!! 
thus  induce  a  liirKcr  amMimptiim  or  curnni:  lhi<^  is  undouliledly  gocxl 
.'io  far  as  it  ffoe^  and  can  be  worked  with  hitisfuctory  results  bui  tia> 
little  or  no  effect  in  Kd<linK  new  cu^tnmert  tu  (he  ^'slem. 

The  value  of  Si);n  Lighting  is  appreciated  by  the  compnnirs,  a^  (i 
tuuidly  involves  a  goiKl  sImmI  inM-illakiiini  ;ind  long  hours'  hurninK,  ami 
some  of  them,  recognixiii);  the  value  of  electric  siftns  as  adveniHi^ 
mvdiums.  have  a<l<leil  vxampte  to  |>recept  iind  urv  displaying  than  aa 
their  own  advertisements. 

The  RdiMin  Company  of  Phila<Iel]thiii  ha«  n  number  at  \»Tgc  tn 
posed  lamp  signs  locaicd  on  [he  roofs  of  prominent  buildings  alonic  the 
Knei  of  the  ntilruiid«  IcadinK  into   the   city,  to  pbced  ii*  in  In;  plainly 
seen  from  Ihe  trains  and  has  received  a  great  numlict  of  inquirie*  and  a 
<x>n.'«ideRil>le  amount  of  )>uNines.i  itt  the  direct  re.Mill*  of  ihCH'  signs. 

The  Edison  Company  of  Kustun  has  maintained  for  nearly  tWD 
years,  five  tlJuminatcd  sign  boardn  in  dillerent  part»  of  ibe  city,  each  be- 
ing IfH'uled  at  or  near  a  street -car  transfer  station.  These  boards  vary  in 
size,  toaciommiidate  the  .space  MHured  for  Ihein.  frum  iifeei  x  34  (cri 
tn  I?  feet  x  ^r^  feel,  made  of  seven-eighths  inch  spruce  lumlier  cn^-ercd 
with  gaUranixed  iron,  painted  in  hlack  backgrouml  and  white  leitefing. 
and  equipjicd  with  ad}vistiil>lc  rellcctors  along  the  ui>t)ercdge.  in  Mhidi 
the  lampii  arc  plated.  Ttiese  rcflecton  are  supimried  by  withggers  v> 
constructed  that  they  may  l)c  place<l  in  ppsilion  to  <erure  llu-  best  and 
most  unifonn  illumination  u|K>n  the  txiards.  These  signs  arc  in  charge 
of  the  inspi-dion  department,  and  arc  lighteil  (r<im  du*k  until  eleven 
o'clock  every  night,  and  are  aW  ^'c^^'  notiteahle  and  legible  dunn}-  the 
daytime.  While  these  signs  atti^ci  a  great  deal  of  attention,  and  i^rve 
to  keep  Uic  cimiimny'*  name  before  the  public  eyes,  their  m.iin  purjmise 
has  been  tn  encourage  the  use  of  similar  devices  by  the  advertising  (Hib- 
lie.  and  sinee  their  inimduction  hy  the  Edison  Company  they  hare  been 
aditpled  by  quite  a  large  number,  and  especially  bv  the  Iiill  pmters  and 
others  who  cnniml  Mgnlioanl  space;  —  these  latter  appreciating  the 
added  value  of  their  space  on  account  of  it*  tieing  made  notieeable  ai 
night  as  well  .t.i  during  the  day. 

The  KiliMui  Company  of  llnston  luw  aUu  maintained  for  some  Utne 
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nliirgc-MONOG RAM "or'-TALKLNt;  SIGN "alllw;  Dudley  Slrcei          ■ 
Tramfer,  ihc  Inr^e^i  innsfer  sution  in  BaUon.     The  si^n  h  loiiiied           H 
immeOiutdy  in  Irunl  of  llir  »lnii<m  unil  in  |iiain  sighi  <rf  ihr  tltuus^nds           H 
who  chan}^  vara  diuly  :it  Uiin  (Hiini.    This  Hif>n  is  mad«  hy  Ibc  NiaKxi            H 
MonoKnim  Ci)m|>anv.  u(  NVtr  York,  and  ronM^t.i  of  thrve  mw«  of  mono             H 
erams,  iwclvc  in  eaih  row,  ihui  admiitinR  i>f  quiic  u  wnicnw  being       ^^H 
exposed.                                                                                                            ^^1 
Thi*  is  used  »olcly  lo  jdvcrlist  tlic  Edi?^>n  Comjianv  ami  t-^  ihangn)        ^^H 
at  hio'ifjii  iiitrjvdh  :iml  oijcmu-d  nij:l>tlj  fnim  dusk  Ui  i-kven  u'cliirk.             H 

ELtCTR 1 CRL       , 
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Monot»ir>  Sitn  ol  the  Uoiion  Kdtion  CBiDVoav. 

Forty  Aenicnces  ari:  tliruwn  oiti  in  >mic»i(>n  iviih  alxiui  fnv  »c(onil> 
cspusurr  to  each  »ni1enc«,  and  quite  n  Mon*  ran  be  Ifltd  in  »c(|ueiKC' 
Thii  !ii)!n  hjs  atirut'lcd  an  immpn^c  umoutil  of  atlciillon.  sxi  fnuih  iu.  in 
fuel,  thjt  nl  «ii<-  limt-  ihe  d<'vaic<l  rtsid  cnmiiliiiitrd  ifist  |m-<i|>U-  «crt 
so  inlcrcslcd  tliat  ihcy  blocked  the  station  and  Impeded  trafhi.     Ii 
mi)i[)il  )>c  siiiii-d  hcrv  iii;il  thf  P.<1!m>i)  Com|iiiny  h.i«  rr4Ct^«il  m|uc»t> 
from  3  numlicf  of  advertising  concerns  (or  sjuicc  on  iht.-i  sifjn,  Itui.  a» 
Ktitted  :il>ove.  tip  to  ihe  |»^senl  (ime  ii  has  hfen'iTwil  only  to  advfniTe 
the  compnny  itself. 

j 

375 

[loili  ihe  N«w  Vork  and  Boston  rnrnpanics.  ond  puttubly  others, 
hii^c  fccL-nilv  bcirii  pladnK  prnmineniK  on  ilif  fronu  of  l)uildinK»  hi 
|iro(-e»»  of  consiruciion,  where  Ihe  (onuiniK  tor  Mghls  and  [inner  havr 
Iwen  secured,  sinn-tiiwrds  Matins  '*""  /s"."!-  li'Uelhcr  with  the  sue  of  ihe 
inMiill.itinn  and  oiher  farls  laUulnle'l  Ui  imprev*  ilie  |>iiwerli_v.  The-c 
boards  lan  he  uwil  anain  iin<l  ;ignin,  wilh  slijihl  chanjies  in  (he  Icllcrinjt. 
iind  un<liiulnpi)ly  serve  a  good  purpose. 

One  of  ihe  features  used  hy  (he  htv  en[er|>risin)C  ailterlising  dc- 
panmeat  of  ihc  Chifiigo  Edison  Company  is  ihcir  Forlablc  IIoum; 
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This  idea  i§  novel  in  its  conception  and  nio«  inlereslinj;  in  rieinil.  Ttit 
botiite  i»  niiived  (rum  lime  in  lime  frum  one  dlMrici  1"  iinolhrr,  scrvini; 
as  an  office  and  hcwlquariers  Uit  the  utivaf^^ers  in  each  ^ii^I^i^l  in  turn. 
And  denionMraiinic  uriistie  house  liKliiii>K  nnd  aliui  ihe  \i»e  of  electricity 
for  many  domestic  purjio^e^:  it  is  a  jiDrlable  exhibition  dqxtrtment.  [» 
tii«tefullv  fiiriiiT.li»l  and  handsomely  li>:hlcd.  and  prmo  a  wurcc  of 
interest  and  education  to  (he  public  and  is  undoubtedly  s  most  taluabk: 
juJverii<.ement.  Anoilier  cwellcnt  idea  thai  the  Chicago  ComiK'ny  ha5 
ndoplcil  i*  the  plaiing  of  rabinet*  in  a  liirxc  numlver  of  druit  Morej 
ihrouKhout  the  city,  conlainins  application  lilanks.  addre«e<l  postal 
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c»nli,  inqutr>'  Mnnks,  etc.  toRcihcr  wiih  nipirs  o(  The  FJtcirif  City, 
uiid  other  prininl  mailer  iiilcndcd  for  dUiributiuii.  The»e  raUncb  arr 
(rf  handMime  (l«MKn,  iind  an,'  ii  d»ir»blc  iidjunt*!  I»  ihv  furnishings  of 
lh«  stores,  and  miUiout  duubl  a  great  oonxTniencv,  ■«n'in);  al  the  aamt 
lime  AX  a  vahiable  means  of  (Ji^tribuiing  Ihr  rnni|>uny>  advertisin); 
milter.  Some  time  sinie.  the  Kdiw>ii  Omipaiiy  of  Humoii  ;id»pied  as  a 
^yml^ol,«^  tr.ide  mjirk,  an  ovid  design  with  the  vronls  "tJliMm  LiRhl" 
ai^ariiif!  thereon  and  the  centre  of  the  oval  &howini;  an  upriKht  incan- 
dexcni  Uin|>wilh  Hcltt  riiys  nidbtiiif;  from  it.  Thit,  ilesign  U dij.pln>T(l 
in  liMss  on  the  comjiany's  cletlrit  tnicksand  all  meter  wa^on^  lamp 
%'aKom,  and  wrvice  v.-aKon»,  and  alw)  .i[))}e.ir^  in  coloc»  on  the  illumi- 
nated sign-ljoani-j  refcrrfi  to  .'ilwve.  The  "Kdison  Light"  button. 
Ctnr)'inK  »>i'l  'lie  same  de^tKij,  w.-m  oriKinally  K'llten  up  for  the  omployce» 
of  the  comjuiny,  but  immediately  attracted  su  much  attention  thai 
rettue)it»  for  them  |H)urcd  iti  by  nwil,  tcki'bime  and  oihcrwiiic,  and.  llieMr 
m|ue»ts  Wng  promjnly  comiilicl  with,  the  buimn  Ims  nm  only  had 
IhunniKh  distribution,  in  Button  and  vicinity,  but  b  in  e\'idence  in  some 
mther  remote  |)iirl>  of  the  ti>uF>lry. 

In  com|)lianie  with  a  stnute  lh<tl  requires  all  electrirdifibl  |>ole6 
lo  \it  marked  with  either  the  name  or  Iradc-maik  of  the  cominnf 
owiiinK  them,  the  Kilison  Ciimpiiny  of  DoKiim  hii»  plated  upiin  oil  of 
Its  poles  sheet  siecl  sit;ns  oIii>ut  nine  by  five  inihes  made  in  o»al  form, 
reproducing  the  nymbul  dr>iTil>ei]  nliove.  Thin  not  unly  meet^  the 
recjuirements  of  the  law,  but  ^r^cs  lo  advertise  ihe  company  as  wdl. 

The  Kdixin  Compiiny  <>(  Huston  has  al.-Hi  ilotie  t  misidcrable  mU- 
sionary  work  in  ihe  way  of  encouraging  the  iihc  of  Kleriric  Auintnoliitcs. 
Bcitide  inMnllini;  u  number  of  ih.irgiitg  >cis  i>n  its  on  n  lines,  the  mm- 
pnny  wmir  lo  all  lighting  conipunte:^  -is  well  as  munid[Kd  lighting 
pbints  in  New  Kngtaivl.u  ilh  a  view  to  usierluining  where  thaigingracili- 
\M<.  exist,  and  then  published  a  »mnll  biuiktet  entitled  "Advance  Infor- 
mation," in  whiih  all  rliarging  slatinns  known  to  e\isl  at  the  lime,  w-ere 
given,  tngellicr  with  the  h'lup'  when  same  u-ere  available  and  llie  rate 
per  Kilotvall.  This  n.is  followed  in  a  short  time  bv  another  emitted 
"Further  Advunn*  Inforranlion."  A  slandant  Hgi^  w^''  adofHeid  In  lic 
plnred  at  all  tharKing  filalions.  and  also  signs  lo  I>c  dit(>laycd  al  cro»- 
roads  and  along  the  highways,  indiiating  the  distame  in  ea<h  case  to 
Ihe  nearest  filalion.  'I1ie<«  the  Kdison  Company  had  made  and  di» 
tribuied  thmughoui  New  Knglaiid.  Siill  anmher  tH>>klrl  similar  to  the 
a b»ve  was  issued  January  i.  IQO14.  bringing  information  up  lo  that  dale. 
ami  also  gi%-ing  the  names  of  all  users  of  eleetric  iiuto'«  in  Manachuwiis^ 
Another  liooklel   was  printed   and  distribul<<d,  entitled  'Tersonally 
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Comlucled  Tour, "  in  which  an  interesting  account  was  ©vcn  of  u  trip 
made  in  one  of  the  o)mpnny'.4  clecirie  aulo'»  from  Bmion  lo  New 
York  and  Tciurn,  showing  ii  mii|i  of  the  route  inkcn  nnil  :il]  chutpng 
'ftliiiioni  with  the  rliaanfcs  liciwecn  ihem.  cmphtoiiiiij;  the  rnic*  u?«i  in 
t^harging  ihv  Fdiiuin  buttery.  All  thi«  nin  juKtly  \x  cxm^^idcred  8<*o<l 
^  aflvertising,  iilthouith  initnediaic  results  cannni  be  anttrT(HHt(l. 

'I'h\i5  fiir.  your  rf|>iirter  has  pointed  out  vymc  of  the  pencral  schemes 

[th^i  have  Iwen  or  are  miw  lieinjt  u.te<l  in  a(1verii>inK  (rut nil- station 

prxMhicts.  an'l  desires  from  now  on  to  consider  more  particularly  specific 

kinds  of  advertising,  with  a  view  to  dctrnnininf;  which  are  the  mu-i 

Lviduulile.     Of  course  (he  hrond  principle  applies  that  "a  satisfied  ni> 

jlomer  is  the  l>cst  advcrtiscmem,"  but  we  must  ijei  this  customer  first 

!  After  he  i*  once  safely  in  the  fold  he  can  br  uscl  as  a  living  adver 

tisement  as  lonj;  as  he  remains  satisfied;  but  what  we  desire  especially 

to  consider  h  the  best  method  uf  securin>t  new  i  uMoment:  — 


XRWSPArrHt. 

There  can  lie  no  que,<tiomnf!  the  fart  that  ailvcrlisemeiil*  in  news- 
papers are  read,  and  their  value  as  a  means  of  inirixlucinf;  no\  cities  or 
calliiiii;  attention  to  .ipecial  sates  or  announcin);:  change  of  location  or  the 
introduction  of  innoi-ations.  cannot  he  surpassed.  Hut  as  a  means  of 
adrerlising  the  general  bu>inesv  of  a  lighting  ciimjiuny  their  efTicacy 
can  Ih*  justly  questioned,  except  when  a  company  has  just  been  crilali- 
Jtshed  or  i*  enlcrinj!  a  new*  field.  There  i>  another  dement,  howwer, 
that  enters  into  the  consideration  of  the  use  «f  newspjiper  space,  an*! 
ha«  l)een  touchcti  upon  already  in  this  rciwin.  and  thai  is  the  main- 
taining of  pleas.iiit  rclutions  with  the  pafier^  ihem^^lves  Thih  feature 
is  evi<)ently  appreciated  by  the  lightini;  cornpanies.  In  many  of  the 
Uirjier  dtiei.  and  e>|>emlly  in  B(iKt<in.  the  new.-<pu[)ers  are  large  user«  of 
current,  and  in  a  number  of  cases  have  recently  abandoned  their  private 
))tant>  ami  have  i-ome  onto  the  central  station. 

The  wisdom  of  kcqiinj;  the  pa|)crs  in  line  i>  seltr^-idcnt.  In  order 
In  gel  ilie  l)e>i  roulu  from  newspajwr  adwrlisinj;.  larc  should  be  cxcr- 
ci«<l  in  selcrting-lhe  page  u[)on  whith  same  i*  to  appear.  In  many 
cases  the  lir^t  piiye  is  preferable.  Whercihe  businessman  is  to  licreachc<l 
this  i*  unitoubteillj*  the  be^t  Imation,  for  many  bu>y  men  dev<ite  onl>  a 
very  short  time  to  the  papers,  often  glancing  orer  the  fitrit  page  only,  ~ 
and  a  short,  terse  and  striking  '"ad"  i>a]it  to  catch  the  eye,  especially  if 
placed  in  close  proximity  lo  strictly  news  matter;  this  applio  esjiccially 
to  morning  issues.  In  evening  papem,  which  ar«  more  apt  to  be  carried 
home  and  more  thoroughly  read,  opposite  the  editorial  page  is  an 
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cxcrllrnt  tcK'aliun.  Where  ihe advanttiffcs  nf  eteitricity  in  the  home  air 
eni|)ha»itcd,  and  the  imeniiun  i»  u>  u|>|>cal  to  the  wromcn,  nn  or  uppusiic 
ihc  fashion  or  hou^hoM  page  is  the  bcsi  loftiiion.  In  iia|»cr>  |iu1)li!ihe<) 
in  luliurbiiii  lt)wn^.  the  hefl  {>liiic  Is  ni-iir  ihi;  Idi.il  ili-mK.  There  is  u 
H;niv«  cjue^linn  as  to  ihc  wisdom  of  encfcavorins  to  make  purely  x<lvcr- 
tjtiint;  maiter  apiwar  a:*  newi.  or  rearhn>;  mutter;  thin  nirely  deceives  ail> 
one,  and  if  the  ultempt  at  ili-teplion  is  evident  it  is  apt  lo  ha^c  a  preju- 
<li<ial  efTeti.  Put  your  mailer  in  ai  aii  advert isemeTii  and  nitihinf;  else, 
but  make  il  interesting  and  (itnvincing.  A  liberal  pitlitT  with  the  papers 
Mtll  often  injure  reading  notices  from  time  to  time,  winch  arc  alv.-ayt 
valuable  and  cost  nulhing.  The  selection  of  type  and  style  of  set-tip  is 
im|>i>riant  ami  ^11  pnxtf  should  be  rarefully  read  and  the  subjeit  matter 
fre()uenlly  ihangcd.  A^  the  subject  of  ekctriciiy  apiicals  to  all  classes 
it  is  not  netewiiry  in  ilie  lartter  diies  to  diMtimiiiatc  lietuccn  pajwri. 
In  HiMlon.  the  (icrman.  Italian,  and  Jewish  pa|ief«  have  been  u*rd  l» 
aood  ndvantaRe.  A  prime  factor  in  newspaper  "ads"  is  to  make  them 
-h<Tt  and  to  ihe  (Kiint.  not  lr>'ing  to  tovcr  too  many  siibjfct^  It  i» 
much  beltci  to  stale  one  fart  clearly,  forcibly  an<l  concisely  than  to  make 
.in  vlTorl  to  cover  ltx>  much  ground  lo  the  deirimeni  of  the  whole. 
All  adxenisemrnts  should  lie  directly  applicable  lo  the  season  of  the 
year  in  which  the}'  «p(>eaT.  The  use  of  electric  fans  at  the  lie^inninfi  ni 
wann  weather,  the  wisdom  of  wiring  houses  during  the  vacation  months, 
the  une  tA  Christmas  »ignji  itnd  decoratton.'i  at  the  proper  lieawn,  etc. 


(.IKCULAX    l.KTTKSS,    IIOOKLKTS,    KTC. 

The  inelhod  of  advertising  which  has  been  most  largely  used  by 
luting  <'ompiinir<.  and  which  h.i»  brought  the  most  satisfactory  re- 
sults, is  the  systematic  distribuiioo  of  circular  letters,  booklets,  etc.  A 
great  deal  can  be  said  in  favor  of  this  methiid,  but  its  «hief  recommen- 
dation lies  in  the  fact  that  il  makes  a  direct  [ter^onal  appeal  to  (he 
people  whnse  <ustom  i>  desired. 

Thc  ly|>ewntten  letter  signed  by  nn  »ITici«)  of  Ihe  company  ami 
addressetl  to  an  imli^  idual  has  proven  ils>elf  to  )>c  the  most  efTicaciotu 
Such  a  letter  must  be  framed  with  lacifid  care.  It  mu^l  not  be  too  long, 
must  be  couched  in  pleasing  terms,  and  made  as  pcr^inal  as  roikI  laMe 
and  Judgment  will  allow,  with  a  strict  avnidance  of  nil  technical  tenm. 
and  must  present  that  phase  of  the  bii.Hiness  ralculaled  to  apjieal  most 
strongly  to  the  recipient.  .\s  the  main  object  of  such  a  letter  i>  to  elicit 
«  reply,  either  a  return  postal  card  or  a  stamped  en^-clopc  should  l»c 
enclosed,—  preferably  an  envelope,  as  il  im)Ki*es  a  w>mewliai  greater 
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oUijiatiiin  tn  rq)ly.  Of  coufMC  an  aiisn-cr,  wbrtlier  fuvioTulilc  nr  luher- 
viix,  ii{>ciis  Ihc  vrav  for  TurltiiT  iir^ntiiiliuns.  nn<l  il  i$  llicii  up  (o  ilic 
snlidtinf!  ile|ianmcni  lo  make  good.  M  lu  l>o<>klcU,  illu&inilc<l  (tritiiMl 
malltrantl  Ml  forth, llii-jMwi'iWlili**  arc  uiilimilwJ.  Tlic  wiw-mun  of  oW 
saiJ,  "Of  makin;;  many  books  iherc  is  no  end."  and  ihU  lia-%  foidbic 
a[>|)lkati(>n  in  contitriinn  wilh  ailtiTliMtiu  ))rinted  mailer.  '11k  (>|ipnr< 
tunily  for  the  cxcrct.sc  of  usle  and  ingenuity  alonj;  ihis  line  U  preal. 
The  nattirril  inclinulton  I«  make  each  newr  liooklet  or  (oltkr  h<lint)5i>mcr 
ami  more  umament.il  l1)^\n  llic  1»m  is  apl  lo  Irad  In  extremes,  and  ex- 
trerno  .ihouid  he  avuided.  .A  ivriiiiii  .tmouiil  of  illu^1^alin([  by  means 
of  cuts,  phoiographs.  etc..  ts  nccessun',  bul  it  is  frrqucnlly  the  case  thai 
llii^  i.*  ovenlone.  The  use  of  |(h>  pnifuse  illu.'itniiiun  «ill  icml  in  miikv 
tlic  pitiurcs  iivcrshadow  the  miiiin}:  mmier,  wiili  the  result  of  its  being 
in  many  canes  eiitirriy  uvcrlouked,  and  a»  the  real  arKunicnt  must  be 
embodied  in  Ihc  printwl  mmtcr,  this  effecl  is  (tn-aily  l»>  lie  dqil<wc<l. 

Your  rc|>orler,  a  j-hori  limc  aj:o,  rx|)crimei)ied  miih  a  ftw  of  Iiin 
friends  for  Ihe  puqw^c  of  UMerluininK  lo  w-liai  extent  tome  of  the  most 
common  adverli^inenl^  made  definite  and  lu>tin[!  impressions.  A 
puny  of  frieiulK  were  invileil  lo  hi>  lii>u>e,  arul  nn  the  walk  of  one  runtn 
were  pinned  a  number  of  Ihe  pU-iunes  thai  are  atwsys  tiscd  in  adi  cr- 
tiMiiK  Mime  of  the  (ommoditieA  which  have  Uy  this  mcann  allaineat  ihc 
grcutrst  publicity.  All  priiilrd  mutter  that  niigbl  give  a  clue  to 
llie  identity  of  the  afiicles  was  carefully  cut  away,  and  Ihc  pjevliL  were 
requested  to  write  on  slips  of  pnper  the  mime  of  the  item  advertiwd  in 
each  case.  An  expres-'ion  that  was  heard  wry  frc(|uently  duiinjt  ihc 
investigation  was,  "I  have  seen  that  pii-ture  a  iliouhund  limes  in  the 
sirecl  cars  tn  maRaEines  in  ihe  papers  and  other  places  l>ui  do  not  »ecm 
lo  be  able  to  remember  whul  it  i*  u.'wd  to  advertise."  Out  vl  a  cnllct- 
lion  of  sixty  such  pictures  Ihe  greatest  numlier  properly  identified  by 
anv  one  |KT«on  wa>  Iwenlyone.  nnd  the  pcr!won  vthn  hail  lhi>  number 
was  the  president  of  \hh  assunation. 

The  conclusion  was  arrived  at,  by  this  tesi,  ihal  very  often  the 
tllii>lr.iiion»  URe<l  are  marie  so  striking  and  noticeable  that  the  object 
intended  to  W  advcrtiseil  is  entirely  overlooked.  ltlu»tralions  u»«t  in 
advcrtiNinu  miiiter  should  either  be  pictures  of  the  actual  rommodiiy  (or 
sale,  or  pictures  in  which  the  commodity  lakci  so  prominent  a  place  that 
il  i«  Imund  tn  Ite  >een  and  recognized.  This  rule  can  1>c  easily  fullovncd 
in  preparing  advertising  m.iiier  for  ihe  use  of  elcclHr  lifthtinf;  lom- 
lunies,  for  Ihc  a|ti>lication  of  eleclricily  for  both  light  and  power,  lends 
itself  readily  lo  the  ramcni  or  the  free-hand  artist.  Es[wcially  U  this 
!t>  where  illustrations  of  handsomely  lighted  buildings,  eledrk  signs. 


38* 

etc.,  «re  (leairwl,  while  motors  and  olhcr  cWirical  atuitxncRt  mn  I* 
(MJiily  shonn  in  intere^linK  ami  ^iriltint;  ^holographs.  lllu^itTBiior^ 
should  never  lie  depended  upon  to  icll  the  whole  slorj,  hut  "hnulil  !«■ 
u^,  —  lirsl.  Co  latch  tlie  a  I  ten  I  ion ;  and  secotwL  lo  clinch  ihc  arKumeni 
prcsctilrd  in  llie  reading  matter. 

A.4  Id  ilic  reading  mailer  ilKelf,  certain  Kcnenil  prindplr«  should 
l>c  observed.  .\\\  iUiicmcnts  made  should  hv  Mm|>le.  brief.  Heor, 
truthful  and  dipiifii-d.  with  eni|jhu.'>is  on  brie}.  The  rao*t  rocnmon 
mi&takc  ill  thi.*  cIjm*^  literature  is  ilie  elTorl  tn  »ay  Iimi  mmh.  aitd  the 
liu.'iv  man  relegate:'  "uch  to  the  wa.Hte  basket,  lloil  the  reading  matter 
tlown  to  the  fewest  po&sibic  wordu,  but  make  ench  word  troutit. 


THE  EDISON  ELECTRIC  lUUMINATING  COMPAH! 

if  Bailmt 

AimnlMt  AU.  THIi  POWT.R  uMd  In  pnnnng  KliAILsf-S  HUSTON  AMEXiCAN.  ad 
ALL  TMfc  IJCJITINC  .n  in  ti.VTIRi:  tSTABIJSHMFNT. 

Twu  Mammoih  Pro-m  «.i*  »  loiil  opuily  at  ONt  Hl'NtntED  AND  NINITY 
THOl,'S,*NI>  ftyxr.  PKK  MOt'K  Bt  upmml  bf  U-feCTWC  MOTORS,  adi  ta* 
lv.<n|[  in  .oJ^mJiuI  rlaot  of  ONE  lll^DRF-D  AKn  nVE  HOILSK-POWU.  rm 

br  BJJ^cTRtaTV  ™i>pii«l  hy  Till"-  FJMSIKN  C.tXMPANV. 
One    Mor«    Illustration    of    (he    Wisdom  of    Uslntf 
ELECTMC  POWER 

INS'IKAIJ  OK  MKA.XJ  l)K  OTMhlt  MtTtlODS 


Hall-PM*  Advttuunicnl  at  Tb(  Uiud  ComMay  «(  enlon. 

AiU'criUing  matter  should  not  attempt  lo  cmbodj-  MrniDni  or 
■denlllic  trvjiti>e>;il  may  at  times  "point  a  moral"  —  Inji  ne\'er"ad<>m 
a  tale."  Originality  in  adverli.'*ing  is  a  most  dcsinibk-  feature,  but  one 
••f  the  m<»i  difficult  l<<  attain.  Too  many  bright  minds  have  b«n 
evolving  novellie>  in  this  line,  both  in  methwi*  .mil  matter,  in  the  jiast 
to  admit  of  muth  that  i;*  new  making  it---  appearantc  at  lh»-  prewnt  dnj. 
but  llierc  is  no  reason  why  some  of  the  old  methoil*  caiinoi  \x  adopted 
!»>■  the  lighting  comimnic^  to  good  adv-antage. 

There  it.  nt>  line  of  adviTiiNing  in  which  <lignit>  should  lie  main- 
tained to  a  more  marked  decree  than  in. that  of  elertric  linhting com- 
panies    The  fiubject  U  a  dii!:nilie<l  one.  the  buitincsi  iii  a  dignified  Iwisi- 


ncitt,  iu  ori)cin  iind  purpnKC  arc  on  u  lifgli  plane,  invnlvmR  "nt  uf  ihe 
great  sdcntific  myslcrir^  of  nature,  and  anyiliinf;  approuching  rla{>'tn)> 
or  cheap  ami  uii'liKnilWd  iiiivenitinK  '■IhhiIiI  Ik  nvnidiil.  The  nature 
and  tone  of  ihc  matter  sent  out  should  be  in  character  with  the  business, 
for  it  can  tie  justly  conij^jered  aA  an  index  of  the  contort)  from  which  it 
emanuica, 

STRKET  CAS« 

Street  car  advcrtisirR  has  Iiccomc  quite  popular  in  other  lines  aivd 
''^^BDs  tn  be  a  me:tns  of  atlrartinK  altrniinn  in  a  mnnner  and  at  a  limr 
H  must  recommend  it  to  many.  The  winter  months  seem  to  Iw 
I  the  better  time  f»r  usinx  street  curs  for  thi>  pui^Msc,  for  the  arrangcmeiit 
[of  seats  in  the  summer  cars  is  ustudly  surh  a>  ti»  make  the  cards  muoli 
I  lew  not! test!) Ic.  Vour  re|K>ner  L-.  of  the  opinion,  that  tlic  cards  in  cars 
[are  prctly  gcneruliy  read;  l>u(  M-nuld  advise  a  Mrift*a\i)i(lan(ie  of  "Street 
|r  poetry  "  Dignity  and  seriousness  apply  here  as'Vng|l  as  in  news- 
ert  and  ljmiklet>. 


ei.F.CrKIC    SK.^^ 

As  all  li)ihlin(c  rnm|>anies  urfie  the  use  Af  eleririr  sif^iu  uiwn 
^thdr  cuMomers.'' it  is  the  pan  of  wisdom  on  their  ]Nin  to  use  them 
aselves.  and:  thus  prove  their  faith.  Example  ha?*  more  weiRhi 
prec'ept,  un<l  others  »eein);  your  goixl  works  may  do  likewise-  All 
'  will  surely  agree  that  the  word  which  sounds  the  key-note  of  the  whole 
queMiim  "if  atlverti-tiiiit  is  l>rr>.iflnu\,  A  <le-iulli)ry,  unM-»leraatii",  hap' 
hazani  method  of  advertising  i>  an  utter  waste  of  time  and  money.  If 
worth  doinit  at  all.  it  is  worth  dninjc  thoroughly  and  well.  If  il  in  worth 
giving  a  plate  in  the  jMilIry  ol  any  rompuny.  it  should  be  Riven  a  [iromi- 
ncnt  and  active  place,  and  Ix-  put  into  competent  hands.  The  adveriisinf; 
department  sluiuld  Iw  thoroughly  familiar  with  the  commercial  end  of 
the  business;  should  understand  the  inmpany's  i>ohcy;  its  method  of 
ihargiog  for  t  urrvnt ;  ii^  rates;  forms  nf  contract  and  system  of  account- 
ing. It  should  at  all  limes  know  what  branch  of  the  bu^tineits  needs' 
booming,  and  when  and  through  what  mc<liums  the  Itcsl  results  can  be 
(Stained.  Expensive  space  in  newspapers.  magaKincs.  etc.,  is  of  little 
value  unlc.-is  pniperlj-  uncd,  and  many  a  dollar  is  thrown  away  because 
of  a  failure  to  gel  the  most  value  from  space  employed.  A  competent 
advertising  man  should  know  the  best  mediums  through  which  to  reach 
ihoiie  whom  he  desire  to  interest,  and  the  proper  and  most  efFecti^'e 
way  of  approaching  them.     He  should  possess  a  knowledge  of  llie 
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r.iriuu!^  kind»;  and  styles  of  ly|)c,  wiih  M>m«  urtiMU'  tetat  iintl  u  grncrat 
a|ipreHatiun  of  the  till)«»>^  of  things,  and  shuuld  undcr^tam)  [)rauf> 
rcflding.  lie  should  l>c  m;i»t<:r  of  »  [ilco^iiig  iind  tviivindng  style  cf 
wrilinx,  and  he  abk  to  i\Mc  facis  in  such  a  tvay  as  (o  lcu\'c  nu  doubt 
oF  thctr  hc'ing  fncis.  FIc  is  Ihr  conncciiRj;  link  liiiwcM.'n  the  company 
and  the  public.  He  \s  the  cable  tlinmxli  which  the  lurrciil  of  pcrsiui- 
sion  Aiivft..  He  is  Ihefuseon  ihc  circuit,  and  should  be  ready  tu  "blme" 
in  ca*c  of  "overload"  or  "short  lircuitsL." 

There  i»  one  more  (eiiture  in  connciiitm  with  a  systematic  follow- 
up-plan,  which  cannot  be  overlooked  here,  and  whiib  experience  hiu> 
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lotMiot,  0«b*<(Om  knd  BiHITio  CnQ>p>n)>'>  OMc«  and  EvIiIWOoii  tl«OiM. 

taught  (hosc  who  h;ive  u^l  >u<U  plun^,  lo  hv  veiy  impnriiini,  stkI  that 
i>  tlie  preparation  of  a  mailing  list.  In  order  lo  avoid  a  great  dCal  of 
wasted  powder,  much  care  sliould  be  exerciited  in  eompilii>};  a  Ibl. 
Plenty  of  lime  should  be  liiken  in  its  |ire)uintlion ;  the  mlirr  gtound 
»li»uUt  t>e  iM>ked  over  ;tii<l  a  careful  selection  of  names  made  with  a 
view  to  securing  only  thoiic  m  whoni  the  proposition  can  appeal.  There 
are  bound  to  be  mistakes  in  any  muillng  list,  but  no  elTorls  -hiHjId  be 
spartxl  to  make  lhe>c  mistakes  a>  few  a.4  jiosisihle.  In  an  extended 
rani[iaign  a  cmairt  proportion  <if  dead-wood  is  gradually  weeded  out. 


bill  Ihis  h  gmLT.-ilI)'  a  very  .>TnitU  proponion,  nivJ  ilii-  urciting  is  an 
expensive  process.  Much  of  this  expense  cnn  be  uvoiHrci  by  care  in 
Ihc  preiKtr.nlion  of  the  li^ts.  An  iniilancc  illu^iralinK  (hi.i  pciint  viim 
hrouKhi  to  your  reporter's  attention  a  few  tlnys  since  by  n  friend  of 
his  In  whom  u  cerciin  manuf.tcturinK  concern  hiul  been  wndinit  leticru 
•ind  printcfl  maticr.  covering  quite  a  period  of  lime,  urging  upon  him 
llie  use  oi  iippanilUA  entirely  foreign  lo  hi»  t>u>inew  .inrl  of  a  nature 
which  could  not  [wKsibly  appejil  to  him  in  any  way.  The  jiostiige  ;ilonc 
on  thij^  matter  aent  him  amnimtctl  to  about  four  <]ollars.     His  buMneio 


fiilaiM,  Deiini  Ou  uid  Slacliii  Ovrapuiir'>  OfllM  «ad  EiliitilUcu  Boam. 


being  the  pUdng  of  advert i^ememii  in  papers  and  maftadnes.  he  used 
llii.i  very  experience  a»  an  argument  iiguinbl  mltertiiiinu  through  [he 
mails,  cmphasir.init  the  iliflituliy  of  securin;^  j  ri-|i:ible  mailing  li^l. 
This  difliculty.  howc^•e^,  is  nol  an  i  ni«u  mount  at  »le  one. 

In  regard  in  ihc  methocU  of  advertising  employed  by  foreign  com- 
panies, your  reiwrlcr  has  been  sible  li>  obtain  but  very  fewdala.  There 
has  evidenlly  been  but  a  very  slight  effort  made  along  this  line  abroad, 
with  the  exception  of  the  lomimny  furnifJting  current  in  the  cii>  of 
Brijihion,  England.     This  company  uses  the  newspapers  to  some  extent 
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and  aho  diHlributes  some  atlractivc  primed  muiier,  and  hiu.  been  abl« 
Ui  increase  its  uulput  very  muteriull)*  in  Ihe  poorer  disiricis,  by  JnsiaUing 
prcpaymcin  meters,  thus  enabling  the  customer  tu  pay  in  driblets,  and 
finds  thai  the  |)CO])le  iire  tvilliug  lo  pay  twelve  cents  per  l^.W.-liour  in 
this  maimer  who  bad  refund  to  pay  quanerly  or  nen  monthly  Irillf 
thai  averaged  only  about  six  rents  per  unit.  ThU  c(im[>ary  hs»  atsu 
largely  increased  llie  niinil>cr  <if  ii.->  |Hmcr  ciislomers  by  (urni»hjt]g 
motor*  "free  of  charge"  (or  the  first  Ihrre  months  imd  after  that  at  a 
rental  charge  of  len  percent.  Wiring  b  also  furnished  by  thiscoinpany 
and  paid  for  in  small  inM;illnifiiK  While  ihes^c  laclio  may  not  l)e  con- 
sidered as  strictly  advertising  methods,  ihey  still  scr\c  lo  <<curc  the 
aforesaid  "satisfied  customer"  who  is  an  adverliM-menl  in  himwlf. 

The  lighiinmompanii-M  or>  the  Cominem,  so  far  as  your  rcponer 
has  been  able  to  ascertain,  do  prncticnlly  no  advertiMng.  In  the  at*c 
of  the  Paris  Company,  ilie  cxorliitaiii  lai  which  it  is  compelled  lo  pay 
for  extension  of  its  nciuork  h.ts  materially  deterred  ii  (mm  any  afEgm' 
sivc  policy  for  increasing  its  business  up  to  ihc  present  time, 

Vour  reporter  had  hojicil  to  be  able-  to  in(<>r|ioraie  in  his  rcfKiri 
faC'Mmile  reproductions  of  a  variety  of  advertising  matter  that  ha> 
Itren  used  by  varinu.s  c<nn]iany  memhcrv  of  the  avMictalion.  He  was 
deterred  from  doing  so  by  the  fear  of  making  his  n\mr\  loo  i-olumtnout, 
but  has  pre)>areil  ati  exhibit  of  these  for  Imipeclion  by  the  delegates. 

Sincere  thanks  for  the  valuable  information  Riven  are  extended 
lo  ib'ose  members  who  responded  to  the  circular  Iclters.  and  with  regrets 
and  apologies  for  lis  Inadequacies  lhi»  iV|>ort  u  resjwdfully  Hibmiltcd. 

LaRi'L'  Vkeocs'iii.ikcii. 

Refiorlfr. 


DlSCtJSSION 

The  Presidexv:  Tliesc  two  |«H)crs  arc  now  op«n  few 
discussion. 

Mk.  Sc'itt:Kc'K:  It  is  perhaps  needless  (or  me  to  say  that 
the  paper  by  Mr.  Williams  is  a  iiki*i  excellent  one,  as,  indeed, 
nil  of  Mr.  \Villiaiii»'  work  has  been  for  several  years  past. 
Mr.  Vredeiiburf^'s  paper  is  also  iiiaRnifici-ntly  gotten  up  anil 
reflccW  great  credit  cm  ihe  writer.  I  have,  however,  a  wtinl 
to  say  in  criticism  o(  the  paper  that  has  just  been  read.  [l 
sccnis  to  mc  that  it  appeals  most  strongly  to  llie  companies 
thai  iieed  it  least,  namely,  the  larj^er  companies  of  this  countr>'. 
We  nnist   not    forRct   dial   there   is   but   one   New    York.   .>ite 
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lluktun,  one  Philadelphia,  and  oiie  Qiicago  company.  There 
arc  but  very  few  lart;c  companies  in  this  country,  and  the 
number  of  members  in  our  associatiun  kIiuws  that  there  Is  a 
gnat  number  ot  »niallcr  ones.  I  >u|)pu!ic  dial  when  one  is 
associated  with  a  large  company  he  is  apt  to  forget  that  there 
arc  other*  not  exactly  in  his  class.  I  have,  pcrha|)^,  made  this 
inii^lakc  mv.«clf.  a»  for  some  ei^ht  ycar^  1  was  jdcntilied  with 
the  interests  of  one  of  the  targe  companies.  During  the  pa»t 
year  I  have  been  aitSDciated  with  the  owners  of  n  niiniber  of 
the  smaller  companies  in  several  of  the  middle  and  western 
slates,  and  I  lind  that  methods — iidverlising  methods  as  well 
as  (Ulior  methods — that  can  he  used  siicce-isfull)  in  lar^e  com- 
panies can  not  be  nscd.  even  in  proportion,  in  the  smaller  ones. 
Expense  cuts  a  much  larger  .figure  with  the  smaller  company 
tlian  with  the  larger  one.  \'ov  can  not  afford,  when  your 
nrvt-nnc  is  small,  t»  maintain  expensive  advertising  und  soliciting 
departments;  you  can  not  afford  expensive  engravings,  and  you 
can  not  af?ord  to  secure  the  services  of  advertising  experts 
exchisively  for  ibis  work.  .\t  the  same  time,  yon  must  resort 
to  advertising  methods  perhaps  more  energetically  tJian  the 
larger  C"ni|)any  does,  because  in  the  smaller  towns  and  cities 
you  will  find  thai  people  spend  money  nnich  less  freely  for 
lighting  and  power  purposes  than  they  do  in  the  large  cities. 
This  is  self-evident  when  looking  at  the  rate*  quoted  in  towns  _ 
of  from  40,c«o  to  150,000  inhabilants.  Von  will  find  in  most 
cases  that  the  rale*  in  these  citiv's  arr  ]ierhaiLs  half  what  they 
arc  in  towns  of  400.0CXJ  or  1.000.000,  or  1.500.000,  and  you  arc 
required  to  give  the*e  rates;  otherwise  yon  can  not  secure 
business. 

I  should  like  to  cite  to  you  some  of  the  inexpensive  methods 
that  we  have  adopted  for  advertising  purposes  in  some  of  the 
properties  with  which  I  am  identified.  Wc  arc  the  owners 
of  street-railway  properties  as  well  as  lighting  properties  in 
certain  towns,  and  we  find  thai  one  of  the  bejtt  and  simplest 
methods  of  advertising  the  lighting  as  well  as  the'  railroad 
business  is  by  the  use  of  small  iKviklets  placed  in  the  cars 
ill  small  metal  holders.  Thest?  lxK»klfts  are  very  inexpensive. 
They  can  be  printed  for  Si. 00  per  thousand.  illu.ilrate<l  for 
nlw^ul  y?  cents  per  week  with  eiils  ibat  are  obtained  from 
one  of  the  several   advertising  syiidicaies,   and   by   placing   in 
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them  a  few  jok«»,  which  you  can  get  from  clipping  bureaus, 
you  will  tiiid  that  tlie  people  n<lin^  home  who  are  anxiou; 
for  somclhiiig  to  read  will  lake  the  bttokiets  lo  their  honie« 
aiKl  preterve  tliem,  if  fur  no  oihitr  pvTpone  than  to  read  the 
jokes.  In  a  town  of  ioo,onn  inhahitatiis  rhero  arc  »oitie  10.000 
or  12.000  of  these  booklets  issucil  wwkly.  and  wc  find  b>- 
ol»ervalion  that  most  of  theni  are  retained.  In  a  town  of 
jO,ooo  inhabitants  wc  issued  3000  or  4000  a  week  and  fnmid 
it  necessary  to  issue  more  of  them,  as  the  people  read  anil 
preserved  ihem.  I  have  some  copies  of  one  of  tliese  booklets 
which  I  will  place  on  the  secretary's  desk  at  the  close  of  ilte 
meeting,  for  your  perusal. 

Another  inex]>ci):tive  method  of  advertising,  especially  for 
power  business,  is  to  ro  to  some  machine  shop  or  wtxid-working 
shop  in  your  city  where  the  salesman  of  sonic  motor  cnmpiany 
has  installed  a  ^-hp  or  40-lip  motor  in  one  unit  to  do  i^-hp 
or  20-hp  work.  Take  this  place  and  explain  to  ihe  proprietor 
how  liis  bills  can  bo  decreased  by  The  siilMilutioii  of  motors,  one 
or  several,  of  the  rifrlit  !iize.  .\fter  you  have  done  that,  lake 
a  photofiraph  of  ttic  shop  on  the  "beforc-and-after"  principle, 
and  place  on  the  "before"  and  "after"  |jicturcs.  respectively, 
the  bills  of  the  shop  for  a  period  of  one  year.  You  will 
find  most  of  these  business  men  iti  the  same  line  of  lnuiness 
belonging  (o  sunie  assucialion.  Take  thi$  matter  up  at  ibctr 
meetings,  and  it  will  Kurprii^e  you  to  find  how-  much  buiinr«s 
you  can  do  and  how  iiuickly  >nur  |Towcr  business  can  be 
increased  by  this  simple  method.  'Jlic  greatest  difltenlty  is  to 
get  ihe  proprietor  of  the  shop  to  go  to  the  expense  of.  MJ*, 
$500.  $1000  or  $2000,  as  the  case  may  be.  to  make  tlvc  changes 
in  the  motor  installation.  I  have  found  it  g««xl  practice,  and 
one  that  is  not  costly,  to  share  part  of  the  expense  of  the 
cluuiee  with  the  consumer,  not  by  means  nf  a  cash  subscriplton. 
but  by  rebating  or  discounting  the  bill  until  ]>art  of  tlie  inslalU- 
tioi)  has  been  paid  for  by  means  of  these  rehatM.  A  clnti«c 
can  be  inserted  in  the  agreement  th.il  if  for  any  reason  the 
contract  is  discontinued  Ihc  company  is  not  responsible  for 
any  part  nf  the  expense  after  thai  time.  We  have  greatly 
increase*!  onr  power  business  in  this  way.  Il  is  not  c(|uivalet)t 
to  lowering  the  rale,  for  as  si.>on  as  jkart  of  the  amount  ha» 
been  paid  by  the  rebate  the  rebate  can  be  stopped  according 
to  the  conditions  of  the  contract. 
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In  ll)c  Miullcr  cities  ynu  will  fiii<!  few  electric  signs ;  but 
if  vou  select  a  few  ]jroniiiiciit  locations — say  tlic  principal  drug 
*turc,  th«  principal  flcparlnK-nt  store,  and  so  on — and  give  these 
parlii-s,  not,  as  1  have  seen  in  main'  places,  a  poor  tign,  cheaply 
h'nttcn  up,  but  a  good  sipi,  which  reflects  credit  on  both  the 
ilhmiinaling  company  and  tlic  consumer,  you  will  find  after 
ymi  have  installed  five  <ir  six  of  these  signs  in  prominent  loca- 
tions tliai  the  merchants  will  come  to  you  of  their  own  accord 
and  want  to  figure  on  an  electric  sign,  Vou  need  not  give 
away  signs  promiM-nously :  ynu  might  say,  for  example,  that 
you  have  established  a  fund  of  $1000  and  ihe  first  slore<^  that 
make  contracts  for  two  or  three  years  will  have  'the  signs 
furnished   free  until  the  fund  is  exhausted. 

,  I  find  that  another  cheap  method  of  advertising  is  by 
meaner  of  electric  supply  houses  in  the  town.  QiKrte  them 
cheap  rates  for  interior  lighting;  give  ihem.  if  necessary,  free 
lights  for  the  sign  and  show-cases  and  interior  lighting,  and 
let  sonic  one  sec  to  it  that  the  supply  j)cople  light  up  the 
signs  every  night  and  that  ihe'lamps  are  rcnewe<l  when  neces- 
sary. We  have  also  adopted  a  i>olicy  with  regard  to  supply 
houses  bringing  in  a  certain  number  of  lamps.  In  one  city 
we  give  a  monthly  pas*  on  the  street  railway  to  the  supply 
house  that  brings  in  the  greatest  number  of  lamps.  We  find 
that  encourages  competition.  Yon  can,  of  course,  make  the 
reward  greater  fir  lew,  as  you  see  fit. 

We  have  another  scheme  in  which  we  have  got  the  supply 
houses  to  aid  us,  and  that  is  in  the  renting  of  fans.  I  do  not 
think  it  is  a  good  proi>osilion  for  the  electric -lighting  com- 
panies to  go  into  the  supply  business,  as  my  experience  shows 
that  here  is  a  great  chance  to  lose  money;  but  if  you  can  get 
the  *np)>ly  company  to  rent  fans — and  they  can  do  it  and  tuake 
money  where  you  wonI<!  lose— you  will  find  your  earnings  greatly 
increased. 

Another  ihin;:  that  perhaps  electric-light  compatiies  in  the 
smaller  cities  do  not  seem  to  appreciate  is  the  selection  of  a 
good  location  for  their  offices.  You  have  to  get  a  location 
thai  is  desirable,  as  people  will  not  hunt  you  up.  Light  up 
your  offices  at  night  and  have  them  attractive.  Vou  will  find 
that  peo]>le  will  come  to  ymi  more  readily  than  if  the  office  Is 
in  an  out-of-the-way  place. 
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want  to~~»Sy~*  wor<1  al>iut  suinc  of  the  Detroit  coni- 
jiaiiy's  »ilverti»iiig.  While  very  (.-xcellnit  in  Its  gnierail  scope, 
one  objection  is  what  you  niiiirht  call  the  insinuated  attack  on 
the  gas  companies.  1  tlo  not  think  it  a  good  plan  to  attack 
cunipeti(nr& ;  it  i»  iiiorc  advisahic  to  Ihwiii  your  own  product. 
The  gas  companies  could,  if  they  chose,  say  many  things  about 
firfs  and  cosin  that  would  lif  detrimeiUal  to  our  int«rc«t$. 
I  know-  of  a  campaign  in  unc  instance  where  the  electric  com- 
pany found  it  was  good  policy  to  enter  into  an  agreement 
with  the  gas  company  not  to  '"itay  things"  atxMii  each  other — 
each  to  boom  up  its  respective  business,  but  not  to  attack  the 
other. 

The  best  adverlisemfiil  is  a  good  hustling  soUdtor,  and 
that  is  where,  especially  in  the  smaller  cities,  a  great  mistake 
is  often  made.  A  grocery  clerk,  or  a  man  who  has  meawred 
cloth,  is  selected  for  the  position  of  solicitor.  The  solicitor 
may  be  recruited  with  gnKwl  residts  from  the  ranks  of  wire- 
men.  A  course  in  one  of  the  correspondence  schools  will  do 
hini  some  good.  Let  him  know  what  he  is  selling:  it  will 
accrue  to  your  advantage.  I  ha\'e  observed  in  some  cases 
that  by  the  use  of  proi>er  methods  it  has  been  practicable 
nearly  to  double  the  lighting  and  power  business  in  a  year  or 
eighteen  months. 

Ms.  CoNVERSK  D.  M.\Rsii  I New  York):  I  will  say  that 
the  gcntlcitian's  remarks  are  very  interesting,  lie  started  OMt 
by  saving  lbai  the  small  companies  could  noi  utTord  the  money 
for  advertising  tliat  the  large  companies  can.  I  do  not  sec 
why  they  can  not.  The  small  comiiany  »  ju*t  as  much  inter- 
estc«l  ill  the  returns  as  compared  with  the  cost  of  the  adver- 
tising matter  as  is  the  large  company.  If  the  large  companies 
found  that  ihey  did  not  get  a  pKifwriionate  return  from  their 
advertising  they  wnuld  soon  have  to  slop  it.  It  is  not  simply 
the  amount  of  money  expended  that  should  be  considered:  it 
is  the  income  secured  i>er  dollar  of  expenditure.  tJnc  dollar 
expended  by  a  small  company  may  mean  as  much  as  S50 
expended  by  a  large  company.  Direct  solicitation  by  mail  matter 
is  more  valuable  tn  the  small  company  than  to  the  large  com- 
pany.  for  tlic  reason  that  the  man  to  whom  it  \i-  addrvMed 
has  more  time  to  jwty  aiiention  to  it.  The  average  Inisiness 
man  in  the  small  town  <locs  not  receive  so  mitch  mail  as  the 
average  business  man  in  the  large  town. 
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The  gentleman  stated  iliat  the  solicitor  is  aii  imponant 
niediiiin  in  advertising.  He  certainly  is.  No  advertising  cam- 
l>aigii  v,'M  do  the  work  unless  hacked  up  by  a  solicitor.  The 
gentleman's  theories  do  not  agree,  I  ie  advertises  thraugh  b(«jk- 
lets  in  street  cars,  gets  cheap  cute,  and  lets  it  go  at  thai.  Ader 
all,  ihe  piiini  to  he  achieved  is  tn  gel  the  business  ai  a  reason- 
able cost,  and  if  you  adopt  a  form  of  advertising  that  fits  in 
and  interlocks  with  the  work  of  the  solicitor  you  will  get 
In-ttcr  results  than  where  you  scaltcr  booklet*  armind  and  do  not 
know  who  U  interested.  If  a  booklet  were  sent  out  to  a  man 
and. caused  the  recipient  to  be  inlcrcstwl  in  the  subject  of 
electricity  and  inimediaiely  tlirreafler  :i  solicitor  siiw  him,  the 
solicitor  could  prnliably  close  the  contract.  Itut  how  is  ihc 
solicitor  to  know  where  to  go,  to  whom  to  go,  unless  >-ou 
arlopt  the  form  suggested  by  Mr.  \'redenburgh  and  make  a 
reply  easy?  If  you  know  a  man  is  sufficiently  intcrestcl  to 
tend  to  the  company  to  have  a  solicitor  see  him,  your  solicitor 
will  l)e  eniployed  on  a  \-ahiahle  prospect.  I  do  not  believe 
that  the  booklets  mentioned  receive  a  great  deal  ot  attention. 
I  do  not  believe  that  people  will  pay  mnch  attention  to  cheap 
booklets;  hut  if  they  do,  the  bcoklcis  alone  will  not  bring 
ihcm  to  a  point  where  they  will  sign  a  contract.  The  adver- 
tising must  be  such  a&  to  secure  the  Interest  of  a  possible 
cn.itonter,  and  if  you  are  going  to  get  nearest  to  ton  per  cent 
out  of  the  advertising  you  must  arrange  your  plan  so  that 
the  solicitor  will  know  who  is  interested  in  tlie  ailverii»ing. 
.Make  the  advertising  so  that  the  people  tn  whom  it  is  addressed 
1)ccomc  interested,  and  let  the  solicilor  know  Ihat  they  arc 
intereste<l.  and  the  solicitor  will  have  an  easier  time  getting 
the  business  and  getting  the  cus.iomcr8.  Without  this,  much 
of  the  advertising  appropriation  is  sheer  waste. 

Mb.  Burnbtt:  I  dislike  to  disagree  with  our  friend  who 
spoke  about  the  advi.iability  of  spending  but  little  money  in 
small  towns,  hut  in  my  opinion  he  is  somewhat  inconsistent, 
as  I  riiink  1  can  prove  by  reference  to  his  previous  remarks 
showing  the  success  ho  had.  He  says  it  is  not  advisable  for 
ae  electric-light  compan>'  to  attempt  too  much,  for  fear  tlic 
public  might  consider  it  rather  grasping.  I  should  like  to 
point  out  one  case  that  has  come  within  my  observation  in 
the  last  few  months.     There  is  an  electric-lighting  company 


in  a  certain  city  of  medium  size,  and  it  lias  kept  within  the 
limiu  of  its  legitimate  l)iiMnes«.  it  h^  recently  tried  quite 
hard  to  gel  new  business.  A  telephone  conipanj',  on  tlie  con- 
trary, has  decided  lu  go  tntu  tlic  elcctric-li^ht  businc&s,  and 
a  refrigerating  conipan)'  hni  reached  the  same  dccistotL  It 
now  remains  for  the  eleciric  LX>mpany  lo  retaliate  by  not  only 
maintaining  its  present  business,  but.  also,  by  going  out  into 
the  telephone  and  refrigerating  fields,  if  it  will  do  the  same 
thing  that  other  peojilc  arc  doing. 

I  know  of  a  city  in  »'hicli  there  was  a  disastrous  fire  that 
reduced  the  load  on  ihc  .ilatiotiii  by  32.8  per  cent,  and  within  a 
period  of  three  and  a  hall  months  the  load  was  entirely  recov- 
ered in  a  district  outside  the  biiriied  area,  to  within  two  per 
cent,  and  it  was  done  dimply  by  changing  the  (Kiint  of  view 
of  the  centra  I -St  at  ion  company.  Previously,  tlic  company  had 
taken  the  i»osition  that  it  w;»j.  giving  pretty  decent  service  at 
pretty  good  rates,  asked  for  a  reasonable  guarantee — one  merdy 
worth  while,  but  not  prohibitive — and  it  was  not  going  to  take 
biisiiu-M>  thai  was  going  to  hurl  it.  The  coin|»ny  ha»  changed 
its  point  of  view.  U  now  says.  "VVc  arc  open.  We  want 
v«>ur  business,  \Vc  will  reduce  restrictions  and  knock  down 
the  fences  in  tltc  shape  of  iiiitilitium  guarantees:  at  the  same 
time,  wc  arc  going  to  give  good  service,  and  wc  expect  fair 
prices."  Its  power  business  has  been  increased  at  the  rate  of 
over  too  per  cent  ptT  year,  nud  its  lighting  bu«ines.«  has  l»een 
increased  at  the  rate  of  30  per  cent  a  year. 

This  company  »vas  unable  to  reply  Ut  the  circular  letters 
Sent  <nit  in  connection  with  these  two  papers,  and  I  will  there- 
fore take  tJic  liberty  of  occtipying  your  lime  for  a  moment 
to  «iy  what  we  arc  doing  in  regard  to  *ign  lighting.  Wc 
have  arranged  with  a  sign  company  for  Ihc  installation  of 
enamel  (MincI  signs  containing  i4  lamps— four-qi  or  eighl-cp. 
plain  or  frosted,  auy  lettering  the  customer  desires.  The  cus- 
tomer signs  his  contract  and  pays  his  bill,  and  that  is  alt. 
The  company  purchases  llie  sign,  gds  a  aj-year  frai>chi«e  "r 
privilege  for  occupying  the  streets  with  llic  sign,  installs  it 
throngli  the  local  wireman.  gets  ihe  approval  of  the  insurance 
antlioritic»,  funiislies  (he  Jirsi  e-iuipmeni  "f  iiicandewent  lamj**, 
funiithes  current.  funiisJics  lamp  renewals,  turns  the  sign  on 
Hi    half-past    five   in   the   winter   monllis   and    half-past   seven 
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o'clock  in  tli«  siiiimwr  months,  liirtis  tlic  sign  off  at  <?lcvcn 
or  twelve  o'clock,  as  the  customer  desires,  and  lights  the  sigii 
either  six  or  seven  evenings  iti  the  week,  as  the  customer 
desires.  In  return  for  the  nervice — which  averages  four  and 
one-half  hours  per  night,  every  night  in  the  week — the  com- 
pany gets  its  maximum  price  for  current,  gets  the  entire  expense 
of  the  in»ialLition  reinihiirsed  in  the  course  of  two  years,  the 
interest  and  depreciation  repaid,  and  makes  a  reasonable-  profit. 
The  restill  has  been  that  wtthtn  a  month  or  so  of  the  adoption 
of  that  policy  tlic  expectations  have  been  exceeded,  ii]  the 
sense  that  while  it  was  anticipated  that  two  signs  a  week 
woidd  Ik-  pl.iced,  the  rate  is  a  sign  a  day.  Furthennore,  there 
is  a  demand  from  people  who  want  a  bigger,  better  and  more 
ex|>cnsive  sign :  and  therein.  I  think,  is  the  proof  of  the  wisdom 
of  the  whole  policy,  because  whereas  previously  the  wiring 
contractors  could  not  sell  a  sign,  now  the  people  want  somc- 
tliing  different  and  belter  and  are  buying  the  best  that  can 
be  purchased  at  an  expense  of  several  hundred  dollars. 

Mr.  Staklev  A.  Gillcsi'IB  (Greenville,  Pa.):  1  desire 
to  ask  Mr.  Vredenburgh  what  percentage  of  replies  he  received 
tt>  the  circulars  and  booklets  sent  out  to  possible  customers? 

Mr.  VRi^DKNRiiltr.K  :  The  circular  letters,  inclosing  stamped 
envelopes  and  postal  cards  for  reply,  have  been  replied  to  at 
attout  an  average  of  56  per  cent.  Of  course,  that  includes  favor- 
able and  unfavorable  replies. 

While  1  am  on  the  floor,  i  wilt  ask  Mr.  Burnett  what 
method  was  used  to  notify  the  puMtc  of  the  proposition  of 
the  free  in.<itallation  of  signs? 

Mr.  Burnett:  I  am  glad  lo  say  that  the  public  has  not 
been  officially  nmified,  for  a  reason  that  I  do  not  wi«h  to 
mention  at  this  time.  The  nearest  approach  to  a  public  state- 
ment of  the  fact  was  an  advertisement  in  the  papers,  reading 
"Electric  Signs  for  Everybody."  It  is  not  necesnary  to  pro- 
claim a  policy  of  that  kind:  on  the  contrary,  it  is  better  not 
to  do  it.  It  is  better  to  have  the  customers  tell  one  another 
about  some  Rood  going  on  than  to  issue  the  fact  publicly  and 
make  a  blare  about  it. 

Mr.  McCabr:  I  ask  Mr.  Vredenburgh  what  percentage 
of  the  gross  income  of  his  company  is  allowed  for  ad\'ertising? 
Referring   to   Mr.   Marsh's   suggestion — that   the  smaller  com- 
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paiu«i  can  advertise  as  well  as  the  larger  companies — if  we 
advcnised  on  the  KUiie  l>asi$  as  the  Boston  I^dison  company 
we  should  be  out  of  business  al  ihc  end  of  the  year.  Mr. 
Vredfiihtiryh  says  that  unless  yuur  advcrtisinf;  is  good  and 
in  ihe  hancU  of  ctknipetent  agents,  the  company  had  better 
not  do  any  advcrtisin);:  ai  all.     I  agree  with  him. 

Mk.  \''RiiDENiiUKuu;  I  think  the  president  of  the  company 
will  anitwer  that  question  l>etter  than   1. 

Mr.  Charles  L.  Euc^r:  I  am  glad  to  iay,  roughly  s])cak- 
if^,  that  our  gross  income  is  Si.8cx>,ooa  Wc  spend  in  can- 
vauing  3.5  i>er  cent  and  in  advertising  2.5  per  cent,  nuking 
about  $125,000  a  year. 

Mr.  Uuknkit:  I  think  it  is  fair  10  say  that  no  cslahlish- 
meiu  can  be  expected  to  8pen«1  more  than  five  per  cent  of  its 
gross  income  for  advcrtisiuK. 

Mn.  Artuur  WitLlAMs:  A  very  interesting  report  may 
be  made  on  this  subject.  In  a  recent  month  we  found  our 
"follow  up"  system,  which  is  that  ni  sending  to  customers  letters 
describing  the  various  features  of  our  service,  had  returned  66 
cents  of  revenue  for  every  two-cent  stanip  e-xpcnded. 

Mb.  R.  N.  KiBRAix  (Kenosha.  Wis.):  Our  company  had 
a  rather  strange  application  of  the  use  of  an  electric  Mgn, 
wlierc  a  Mctliodtst  church  was  getting  up  some  revival  meet- 
ings. The  *ign  had  changeable  letters.  It  would  read  "Revival 
Meetings"  one  week,  and  the  next  week.  "Special  Meeting  To- 
night." They  have  liked  it  so  well  thai  they  will  use  it  all 
the  year  round. 

The  ]'resii>hnt:  I  will  say  that  as  a  result  of  the  decora- 
tion at  S>-mphony  Mall  last  night— I  do  not  kirnw  how  many 
of  you  saw  it,  hut  both  Mr.  Comce.  the  manager,  and  .Mr. 
.\damowski,  the  director  of  music,  said  it  was  the  prettiest 
decoration  they  had  ever  seen  and  tliey  were  anxious  to  have 
it  continued  indefinitely — I  undenstand  that  an  arrangenient  has 
.  been  made  to  leave  the  whole  decoration  in  pUcc.  except  the 
p 
C  =   --.  which  is  to  be  taken  ont;  but  the  ouUide  lines  and 
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the  feslooning  are  to  be  left  ihcrc  indefinitely. 

Mb.  StiitRLK:  Defore  the  discussion  is  closed  1  wish  to 
s»y  a  word  in  reply  to  the  gentleman  who  followed  me  {Mr. 
Marshi,     I   will  ask  the  manager*  of  any  of  the  small  com* 
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ncss  per  aiiniini — whrther  they  would  consent  to  spcnr]  in  one 
ca*c  $io.oc»  and  in  tht  other  case  $15,000  on  advertising  and 
soliciting.  I  am  not  personally  scquainti-d  with  (he  gentleman 
who  followed  him,  but  1  do  not  think  \w  has  had  any  experi- 
ence in  handling  small  properties.  If  anything.  I  will  guess 
he  is  connected  with  a  large  ct»inpany,  I  am  afraid  some  o( 
my  remarks  were  misunderstood.  1  ^aid  Uiat  in  the  smaller 
companies  expenses  must  necessarily  be  kqit  down.  You  do 
i]oi  get  and  can  not  get  the  same  rates  that  you  do  in  the 
larger  cities.  If  you  will  investigate  the  prices  at  which  cur- 
rent if  »old  for  lighting  and  power  in  the  smaller  cities  yoo 
will  find  it  is  nearly  half  that  at  which  it  is  sold  in  the  larger 
cities.  I  think  your  expenses  should  be  run  up  more  in  >->Mir 
soliciting  department  than  on  strictly  your  advertiMng  account. 
I  do  not  believe  it  is  good  practice  to  spend  live  per  cent  of 
your  gross  income  for  advertising  and  soliciting  as  the  Boston 
people  do. 

.As  to  the  remarks  uf  Mr.  (turnctt.  he  said  that  my  remarks 
were  inconsUteni,  taking  into  consideration  my  remarks  on  the 
ice  plant.  In  one  case  wc  were  talking  about  advertising  and 
in  the  other  :il)ont  ice-m;iking.  I  do  not  see  his  point  and 
shnnld  be  glad  to  have  him  explain. 

Till-:  Pui'sirtENT:  H  there  is  no  further  discussion  on  these 
papers  I  will  iledaro  the  discussion  closed. 

The  Oiair  will  appoint  a  committee  on  nominations.  I 
am  going  to  make  a  little  innovation  this  year  and  appoint  a 
committee  of  five  rather  than  three,  and  I  will  appoint  Mr. 
P,  G.  Gosslcr.  of  New  York,  chairman ;  Mr,  D.  P.  Robinson, 
of  Seattle:  Mr,  Irvin  Rutterwnrlh.  of  Denver:  Mr.  W.  C.  L. 
Kglin.  of  Philadelphia,  and  Mr.  F.  E.  Smith,  of  Somerville, 
as  a  committee  "n  nominations,  and  will  ask  them  to  report 
to  the  executive  ses.'iion  this  evening. 

I  understand  the  commitlcc  on  the  president's  address  is 
ready  to  make  its  report.  The  chairman  of  this  committee  is 
Mr.  Henrj'  I..  Doherty,  of  Denver. 


leity  prcsCTled  the  foltmving  report: 


REPOKT   OF    COMMITTEE    ON    PRESIDENTS 

ADDRESS 


VVc  cocnplmienl  our  jtrctiidcDt  mi  lii?  alili:  ])f«)tentation  of 
matters  important  to  lh«  association  and  the  electrical  iraternity. 

HISTORY  AND  CROWTn  OP  Ttti;  DUSIN'itSS 
The  reference  to^  etionnoiis  ami  raiitcl  gmwili  of  the  elec- 
trical business  is  timely  and  points  a  possible  lesson  upon  the 
ea*e  with  which  this  bu»ini-«;*j  niijjht  he  fwrlher  developed  by 
projwr  inaiiaKeriai  niethotls,  ami  tuo(lv*ly  perhap*  rfstrained  our 
president  from  referring  to  the  excellent  results  he  is  securinj; 
from  his  efforts  in  behalf  of  the  itoston  company.  We  call 
attention  to  thi«  niutu-r  in  order  that  none  of  the  <lelegairv 
shall  overlook  tlic  advantages  to  he  gained  by  studying  tlie 
melhfKis  in  vogue  here. 

CONVENTION    l>I<OCeEJ>l NOS 

Voiir  committee  wishes  to  congratulate  the  association  upon 
the  excellence  of  the  pro^ratnnie  for  this  convention,  and  ilir 
elTective  work  done  by  the  president  in  the  association's  behalf. 

CIuiWTll  OK  TllE  ASSOCIATION 
The  president  has  referrt:d  lo  the  i-xli-nsive  growth  of  the 
association  and  has  predtcted  a  ixituiuncd  normal  growth.  Your 
committee  believes  that  the  larger  the  membership  the  more 
ciTei'tive  the  inllucnec  of  the  assucialioii  can  be  made,  and  that 
the  association  should  not  only  lie  n:iiional  in  name  but  national 
in  character.  We  therefore  rcconuncnd  tlie  appointment  of  a 
cimimttiee  on  iiieinhcrsliip.  to  secure  the  co-operation  in  our 
association  work  of  all  llie  central  stations  in  tlic  country,  if 
this  is  possible;  the  funds  of  this  work  to  be  provided  and 
the  work  of  the  committee  to  lie  governed  by  the  executive 
committee.  A  similar  aiKociatiun  increased  its  membership  to 
the  extent  of  i88  new  members  last  year,  and  the  American 
Institute  of  Electrical  Engineers  did  even  better. 
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CHANGE   IN   BY-LAWS 

We  find  that  a  change  in  by-laws,  as  suggested  in  the 
president's  address,  requires  the  election  of  a  special  committee. 
We  recommend  the  appointment  of  this  committee  at  once, 
\\ith  instructions  to  report  its  recommendations  at  the  morning 
session,  so  that  the  members  may  have  an  opportunity  to  con- 
sider the  matter  before  being  called  upon  to  vote  in  our  execu- 
tive session. 

TAKING  2UARTERS  IN  THE  UNITED  ELECTRICAL  BUILDING 

Referring  to  the  suggestion  of  our  president,  we  recom- 
mend that  quarters  be  taken  in  the  Union  Engineering  Building. 

CENTRAL-STATION  DIRECTORY 

We  bespeak  the  stipport  of  all  centra! -station  men  and  any 
assistance  that  will  provide  a  reliable  directory  of  central 
stations. 

THE   ELECTRICAL  CONGRESS 

We  recommend  the  acceptance  of  the  invitation  to  partici- 
pate in  the  Electrical  Congress,  and  urge  that  the  papers  to  be 
furnished  by  the  members  of  this  association  be  distinctly  and 
directly  related  to  the  centra  I -station  division  of  the  electrical 
business. 

PRINTING    I'AI'ERS   IN'    ADVANCE  OF    \fEETING 

We  commend  the  plan  adopted  at  this  convention  of  print- 
ing the  papers  and  distributing  them  in  advance  of  the  meeting 
and  recommend  the  continuance  of  this  practice. 

RELATION    OF    THE    QUESTION    BOX    AND    WRINKLE    DEPARTMENTS 

After  careful  consideration,  we  see  no  way  of  consolidating 
the  Question  Box  and  Wrinkle  departments.  We  believe  that 
these  two  branches  of  work  are  distinctive,  and  any  change 
might  impair  the  efficiency  of  one  or  both. 

ADVERTISING 

We  note  the  remarks  of  the  president  regarding  adver- 
tising, and  reiterate  the  opinion  of  the  committee  on  a  former 
presidential  address,  to  the  effect  that  this  work  should  he 
handled  by  a  suitable  editor  and  a  progress  report  be  made 
at  each  convention. 
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MUNICI1>AL  OWNtttSUIF 
We  heartily  concur  tti  llie  rcconiiiici)d;ition  of  our  president 
rei;!irding  ihe  appoitiuncni  of  a  committee  on  "municipal  owner- 
.ihip."  Thiii  coTimiittec  should  be  active  and  aggressive  and 
should  have  the  uncjualifted  support  of  all  officers  and  members 
of  the  association. 

rilAWING  our  WATKt  l-Il'KS  IIV  USE  Ol'  AN  ELliCTRIC  CL'ltKKNT 
This  practice,  while  not  new,  is  not  generally  in  vogue.  Il 
«a»  started  in  Madison.  Wisconsin,  some  five  or  six  years  ajjo. 
VVu  juj3;es[  llie  ap|tiiii)tnienl  of  a  re(K)rter  to  collect  data  regard- 
ing the  methods  in  voRue  for  doing  ihi»  work,  proper  cinrge 
to  be  made,  and  instructions  for  doing  the  work.  The  report 
to  hi:  made  W  Septeniher  fifteenth,  ami  to  he  printed  in  pam- 
phlet fonn  and  sent  out  to  all  members  not  later  than  October 
first. 

EXKCtJTI\Tt  COMMITTEE 

Wc  consider  the  pmposecl  plan  uf  our  president  to  revamp 
the  executive  committee  tipon  more  active  line*  a  sie(>  in  die 
right  direction.  We  find,  however,  that  such  meetings  will  cost. 
ap]>rnximalely.  $500  each.  We  Iherefurc  have  considered  it 
advi^-ible  tliat  but  three  special  meetings  be  held  each  year,  and 
that  the  fourth  meeting  he  held  at  the  time  of  our  annual 
convention.  Assuming  that  three  special  meetings  be  held  each 
year,  the  expense  to  the  association  would  be.  approximately. 
$1500  per  annum,  We  recommend  lht.f.c  three  meeting*  l>e  held 
the  nearest  WednCMlav  to  the  middle  "f  .\ugu*l.  Nnvcinher  and 
Fehrnary.  New  York  city,  or  at  such  place  and  approximate 
time  as  the  president  ma>'  designate. 

Respectfully  Mihmined. 

ftlENuy  L.  DoiiERTV,  Giairman. 
G.  W.  Brine. 
H.  T.  H.\RTMAN. 


Mr.  FRKCusms  :  I  move  tliat  the  report  of  Ihe  committee 
on  the  president's  address  be  accepted. 

(Motion  seconded  and  earried.l 

TiiK  Phk-^ident:  The  report  on  by-lawi  was  handed  to 
this  committee,  probably  with  the  intention  that  it  would  report 
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on  the  by-laws  in  the  report  that  if  has  just  presented,  but  we 
were  afterward  informed  that  it  was  necessary  to  elect  a  special 
committee,  and  that  will  have  to  be  done. 

Mr.  Doherty  then  outlined  the  proposed  changes  in  the 
by-laws. 

The  President  :  I  will  state  in  connection  with  Mr. 
Doherty's  report  that  the  executive  committee  has  formally 
passed  on  the  recommendations  as  to  the  changes  in  the  by- 
laws and  will  recommend  them  at  the  executive  session  to-night. 

The  next  order  of  business  is  the  election  of  the  special 
committee  to  take  into  consideration  the  proposed  changes  in 
the  by-laws. 

Mr.  Ferclsj.v:  In  view  of  the  fact  that  it  is  necessary 
to  elect  a  committee  to  consider  the  changes  in  the  by-laws, 
I  make  a  motion  that  such  committee  be  elected  af  this  meet- 
ing;, with  the  further  recommendation  that  the  same  committee 
act  that  had  in  charge  the  address  of  the  president. 

(The  motion   was  seconded  and' carried.) 

The  President;  The  next  business  is  the  report  of  the 
committee  on  purchased  electric  power  in  factories,  of  which 
Mr.  \V.  H.  .\tkins,  of  Boston,  is  chairman. 


The  following  report  was  read  t)y  Mr.  (rtorge  W.  Brine. 
of  Atlatna.  Geoi^i,  a  member  of  the  committee: 

REPORT   OF    COMMITTRF.    ON    PURCHASED 
ELECTRIC  POWER  IN  FACTORIES 


Tbe  commitlve   appointed  at  the  conveniion  of   1903   to 
inveitigate  ttie  subject  at  the  head  of  this  report,  formulated 
and  sent  lo  every  member  of  the  associHtion  a  circular  letter 
in   which   the  most   common   users   of    power  were  classified 
and  certain  questions  were  asked  in  regard  to   these  classes. 
The  classilication   was  as  follows: 
I.  Boot  and   shoe  manti(i<rturinp 
1,  Printing 

3.  Cotton   manufacturing 

4.  Woolen   manufacturing 

5.  Woodworking 

6.  Metal-working 

7.  Bookbinding,  etc. 

8.  Paper-box   manufacturing 
g,  Clothing  manufiiclitring 

10.  Candy    manulaoturing 

11.  Laundries 

The  ciuestions  aslced  were  these: 
I.  Please  to  give  a  list  of  factories  in  above  classes  to  which 
you   supply  power  and   state   horse-|)ower  connected  in   each 
cue. 

I,  State  in  each  case  whether  factory  is  driven  by  single 
motor,  by  motors  appli^.d  lo  grouped  machines,  or  by  ind{> 
vidual  motor  for  each   machine. 

3,  Stale   kw-houra  per  year  sold  each  factory. 

4.  State  average  hours  per  day  each  factory  is  nin. 

5.  What,  according  to  your  experience,  is  tlie  relative 
efficiency  of  "imllvidual   motors"  and  of  "group  drive"? 

6,  In  which  of  the  above  cases  have  you  replaced  steam 
or  gas  engines  with  electric  motors,  and  what  is  Ihe  horse- 
power of  the  engine  removed  in  each  case? 

;.  In  these  cases,  by  what  per  ccni.  if  any.  has  the  cost 
of   production  been  reduced  ^ 

S.  Bv  what  features  of  electric  power  has  this  reduction 
been  accomplished  ? 
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9-  By  what  horse-power,  in  motors,  did  you  increase  your 
connected  load  in   1903? 

10.  What  per  cent  is  this  of  your  total  increase  in  con- 
nected  load   for  the  year? 

11.  What  per  cent  of  increase  was  this  over  horse-power 
connecied  January  1,  1903;  and  what  per  cent  did  your  total 
connected  load  increase  during  the  year? 

I  J.  Do  you   supply  direct  or  alternaiing   current? 

13.  What    are  your   rates  for   power? 

The  committee  tried  to  ask  such  questions  as  would  bring 
out  as  much  information  as  possible  without  making  the  work 
of  answering  so  formidable  to  the  larger  companies  that  they 
would  not  answer  at  all. 

The  small  number  of  replies  received,  and  the  fact  that 
only  three  of  the  very  large  companies  replied,  lead  the  com- 
mittee to  believe  that  its   efforts   were   not  very  successful, 

The  number  of  circulars  sent  out  was  461:  the  number  of 
answers  received  was  61.  Of  these,  19  reported  that  they  sold 
no  power  to  factories;  1 1  either  gave  no  information  or  answered 
but  one  or  twoquestions,  and  31  replied  moreor  less  fully,  You 
will  readily  see  that  reports  from  31  out  of  over  400  compa- 
nies will  not  furnish  data  upon  which  to  base  a  comprehentive 
or  definite  report. 

If  we  examine  the  reports  with  a  view  to  learn  what  power 
is  being  sold  to  different  classes  of  users,  we  find  that  the  sale 
of  power  to  boot  and  shoe  factories  is  smalt.  Only  10  com- 
panies report  selling  any,  and  these  have  a  total  of  354  horse- 
power connected.  This  amount  of  horse-power  is  divided 
among  i^  customers — an  average  of  13  horse-power  to  each 
shop. 

The  showing  among  printers  is  much  better.  Twenty-seven 
companies  report  that  they  have  in  375  printing  establishments 
6147  horse-power.  This  is  an  average  of  16  horse-power  to 
each  office,  showing  that  most  of  the  business  comet  from  small 
users,  although  there  is  one  motor  of  100  horse-power  and  there 
are  several  of  30  and  40  horse-power  each. 

Ten  companies  report  cotton  factories  as  cuttomers.  There 
are  4S  factories  having  3060  horse-power — an  average  of  63 
horse-power  10  each  factory.  This  is  a  remarkably  good  show- 
ing, for  cotton  manufacturers  are  not  inclined  to  believe  that 
the  central  station  can  supply  power  as  cheaply  as  they  can 
make  it. 


Only  one  company  reports  sate  of  power  to  a  woolen  fac- 
tory.    This  company  ha«  five  customers,  with  1 15  horse  power 

Twenty-three  companies  arc  selling  power  to  172  wood- 
working shops,  where  1953  horse-power  are  installed.  The 
larftest  motor  in  this  class  is  of  60  horse-power,  the  average 
installation  being  tt  horse<power 

■  The  metal  workers,  especially  the  smsiller  ones,  hnve  adopted 
tiectric  power  to  a  fair  extent.  Twcniy-ntnc  companies  are 
supplying  jj4  shops,  which  are  driven  by  motors  of  6744  horse- 
power— an  average  of  30  horse-power  to  each  shop.  Forty 
lorse-power  is  the  largest  unit  reported  in  this  class. 

The  bookbinder  is  a  very  unimportant  user  of  electric 
power.  Seven  companies  report  15  customers.  69  motors  and 
306  horse-power;  49  motors  of  ig6  horse-power  being  in  one 
shop. 

Of  nearly  equal  insignificance  >*  the  business  of  paper-box 
making,  but  10  companies  having  any  businesi  of  this  kind. 
They  supply  power  to  iS  shops  having  377  horse-power.  In 
this  class,  again,  we  hnd  one  shop  with  14  motors  of  139  horse- 
power. 

The  manufacture  of  clothing  has  always  been  a  profitable 
field  for  the  electric  motor,  but  the  committee  is  surprised  at 
the  small  number  of  companies  having  any  of  this  class  of 
customers.  Only  14  companies  report  any  clothing  factories, 
but  these  have  125  customers  (and  of  these  137  are  supplied  by 
one  company)  with  1015  horse-power;  the  installations  average 
five  horse-power.  One  company  reports  supplying  power  to 
400  clothing  factories,  but  us  all  details  are  omitted  the  com> 
mittce  could  not  use  the  report.  Another  company,  although 
omitting  formal  mention  of  clothing  factories  in  its  report,  yet 
supplies  power  to  a  very  large  number,  but  all  of  small  size. 

Thai  the  candy  lover  is  found  all  over  the  country  is 
proved  by  the  widely  scattered  points  from  which  ij  com* 
pantes  report  a  total  of  34  factories  with  an  installation 
of    446   horse-power,  an  average  of  13  horse-power. 

Laundries  do  not  come  under  the  head  of  factories,  but 
the  committee  included  them  in  its  inquiries,  as  it  was  sup- 
posed  th(*t    many  such  shops   used   electric   power.      Repotis 
m  six   companies  show  but    14    laundries   connected,   with 

motors  of  61  hors«-pow«r.  The  requirement  of  a  eon* 
)tani  Supply  of  live  steam  imposes  a  heavy  handicap  upon 
the  sale  of  electric  power  to  laundries. 
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Among  other  classes  of  manufactures  reported  upon,  the 
most  important  is  food  products,  such  as  sausages,  canned 
meats,  fruit  and  vegetables,  biscuits,  etc.  Nine  companies 
supply  power  to  55  factories  of  this  class.  These  are 
equipped  with  1103  horsc-power,  the  average  size  of  the 
installation  being  lo  horse-power. 

Six  companies  report  the  use  of  motors  in  cutting  marble 
and  other  stone,  so  yards  having  the  same  number  of 
motors  of  465  horse-power,  an  average  of  13  horse-povrer 
per  motor. 

One  impottant  installation  is  reported  from  Chicago, 
which  comes  under  none  of  the  above  classes — the  manufac- 
ture of  absorbent  cotton  and  porous  plasters.  This  factory 
has  35   motors  of   160  horse-power. 

Other  installations  worthy  of  mention  are: 

9  dye  work*, 

I  rubber-tclininti  vrorlcs, 

3  f  U)a  factociet, 

3  brcwtrk^. 

4  Ink  and  color  works, 
I  cotton-«eF<]  oil  cnill. 

3  loUHicr  (aciorici, 

4  tpring-lMd  work*, 
I  chemical  works, 
I  belting  factory, 
I  lanncry. 
3  cement   works, 
and  ginve  facliirit*  hnvinj; 

In  giving  the  above  statistics,  the  committee  would  not 
have  the  association  understand  that  the  figures  of  custom- 
ers, motors  or  horse-power  represent  the  total  installation 
of  the  companies  reporting.  In  many  cases,  as  may  be  seen 
by  referring  to  the  Chicago  report,  only  certain  typical  and 
important  installations  are  reported,  as  it  would  manifestly 
be  impractical  to  make  a  complete  analysis  of  all  the  com- 
pany's  power  business. 

The  number  of  steam  and  gas  engines  reported  replaced 
by  electric  motors  is  not  large,  but  this  is  owing  to  the 
difficulty  of  gelling  at  tile  facts  as  to  number  and  horse- 
power of  such  engines,  not  because  the  engines  have  not 
been  taken  out,  for  one  company  alone  has  replaced  130  gas 
engines,  besides  as  many  or  more  steam  engines.  The 
reports  give  so  few  details  that  the  committee  can  offer  no 
information  uDon  this  point, 

Driving   machines   by   individual   motors  seems  to   make 
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very  slow  headway,  if  we  may  judge  from  the  reports 
received.  Only  71  shops  report  such  installations;  187  have 
their  machines  driven  in  groups  to  a  greater  or  less  extent, 
but  the  overwhelming  majority  still  operate  with  a  single 
motor 

With  reference  to  the  fifth  question,  the  committee  does 
not  believe  that  any  hard-and-fast  rule  can  be  laid  down  in 
regard  to  the  use  uf  individual  motors  as  opposed  to  group 
drive,  There  seems  to  be  very  little  information  to  be  had 
as  to  the  relative  efficiency  of  "group  drive"  and  "individ- 
ual drive."  Managers  are  very  cautious  in  expressing  an 
opinion  upon  this  poinL  The  few  thai  did  olTer  an  estimate, 
consider  that  "individual  drive"  would  save  from  5  per  cent 
to  15  per  cent,  according  to  circumstances.  While  the  aver- 
age load  on  individual-motor  installations  runs  from  15  to  30 
per  cent,  as  against  an  average  load  on  group  drive  of  from 
30  to  JO  per  cent  on  a  10-hour  basis,  we  must  remember  that 
the  installed  horsepower  in  motors  is  frequently  twice  as 
large  with  individual  motors  as  compared  with  group  drive 
for  the  same  number  of  machines.  This  means  a  larger 
investment  and  hence  increased   fixed  charges. 

In  remodeling  old  machine  shops  for  electric  drive,  it  is 
impracticable  to  figure  on  individual  installations  of  motors  for 
each  machine,  as  the  first  cost  of  motors  would  be  very  large. 
The  committee  would  favor  for  ordinary  cases  a  group-drive 
system,  using  motors  of  from  five  to  fifteen  horse-power  each. 
For  large  tools  requiring  ten-horse  power  or  over,  individual 
motors  arc  recommended.  This  would  especially  apply  to 
large  punch  shears,  beam  saws,  air  compresscrs  and  very  large 
machine  toots. 

In  some  classes  of  work,  such  as  printing,  engraving  iind 
machine-tool  driving,  it  is  better  to  use  individual  motors 
even  on  the  smaller  machine,  in  order  lo  secure  flexibility  in 
the  control  of  each  machine;  a  great  ranne  of  speed  being 
very  important,  and  such  range  as  the  electric  motor  will 
supply  can  be  obtained  in   no  other  way. 

In  wood-working  shops  the  conditions  vary  so  greatly 
that  while  group  drive  is  desirable  in  large  shops  having 
steady  runs  for  the  machin<:s,  at  the  same  time  individual 
connection  is  much  more  economical  in  shops  that  work  their 
machines  intermittently. 

The  cost  of  pix>dHCtion  has  almost  invariably  been  reduced 
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by  the  substitution  of  electricity  (or  tteam  or  gvtt:  the  prin> 
cipal  lactnrs  in  $tich  reductkin  being  the  elimination  of  shading, 
the  ability  to  shut  down  the  power  a  part  of  the  time,  the 
saving  in  attendance,  and  the  low  rate  at  which  eleciriciiy  is 
sold. 

In  this  connection  the  committee  quotes  vtrhatim  from  the 
report  of  the  Chicago  Edison  Company,  as  the  words  quoted 
seem  very  much  to  the  point. 

"  While  there  is  no  doubt  but  what  in  the  great  majority  of 
cases  there  has  been  a  saving  in  the  cost  of  operation  by  the  use 
of  electric  power,  it  is  hard  to  get  specific  data  in  regard  to 
this.  The  customer  seems  lo  be  afraid  that  if  he  reports  a 
large  saving  by  the  use  of  central  •station  service,  it  may  have 
an  unfavorable  effect  on  his  future  bills  for  pou.-er,  and  his 
ellort  is  naturally  to  keep  the  bills  down  as  much  as  possible. 
A  good  many,  however,  have  frankly  admitted  that  they  are 
saving  money  by  the  use  of  our  service,  and  we  have  a  num- 
ber of  complimentary  letters,  notably  from  customers  Nos.  j. 
30  and  i6.  Customer  No.  31  on  the  schedule  informs  us  that 
his  total  cost  for  power,  heating  and  labor  is  less  than  one- 
third  of  the  cost  when  he  wa5  operating  an  independent  plant. 
Moreover,  he  has  been  enabled  in  one  branch  of  the  factory  to 
run  a  night  shift  of  men,  thereby  getting  double  the  results 
out  of  a  ten  thousand  dollar  investment  and.  at  the  same  lime, 
keeping  the  power  rate  down  to  a  minimum.  He  also  tells  us 
that  he  is  enabled  to  determine  the  exact  cost  of  each  depart- 
ment by  having  separate  meters  (or  each  department  and  in 
this  way  determine  just  what  price*  he  can  make  on  different 
classes  of  product.  Customer  No.  35  claims  that  this  ability 
to  determine  the  cost  of  diHerent  departments  is  of  very  great 
value  to  him  in  determining  how  low  he  can  go  in  price  on 
certain  classes  of  goods.  There  is  also  the  advantage  that  by 
charging  up  the  actual  amount  of  power  used  in  each  depart- 
ment of  a  factory  the  department  foremen  are  made  lo  feel 
the  responsibility  for  keeping  down  the  cost  of  the  power  in 
their  respective  departments,  and  the  result  ts  that  there  is 
not  nearly   as  much  power  wasted  as  before." 

The  percentage  of  increase  in  the  connected  motor  load 
during  the  year  1903  varies  from  three  per  cent  to  twelve 
hundred  per  cent,  the  latter  figure  being  reached  by  a  company 
that  had  but  four  horse-power  connected  at  the  beginning  of 
the  year. 
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The  aver&ge  increase  of  the  35  cumpanies  reporting  was 
84  per  cent,  or,  omitting  the  exiremely  high  figure  given  above, 
the  average  of  34  companies  was  37  per  cent. 

The  average  increase  in  connected  load  during  1903  by  17 
companies  reporting  was  13  per  cent,  the  extremes  being  to 
and  Ho  per  cent. 

It  would  seem,  therefore,  that  the  power  business  was 
increasing  in  a  larger  proportion  than  ilie  light  load,  a  con- 
dition that  is  exceedingly  encouraging,  for  you  all  appreciate 
the  importance  of  the  motor  load  in  evening  up  the  low  places 
in  the  daily  output. 

Nearly  all  companies  appear  lo  supply  alternating  current 
for  power;  several  furnish  both  alternating  and  direct,  and 
five  deliver  direct  only. 

With  very  few  exceptions  the  companies  report  that  ihey 
sell  power  by  meter,  the  rates  being  from  two  cents  to  fifteen 
cents  per  kw-hour,  the  u&uat  range  being  from  four  to  ten 
cents. 

The  committee  omits  all  data  upon  the  amount  of  current 
used  by  dillercnt  classes  of  work,  fur  the  reason  that  reports 
which  cotild  be  used  were  receiver]  from  but  15  companies, 
and  generalizations  based  upon  so  few  figures  would  be  of  little 
practical  value. 

An  examination  of  the  reports  received  leads  to  the  con- 
clusion that  the  sale  of  electric  power  by  central  stations  to 
factories  has  been  limited  largely  to  such  industries  as  have 
to  carry  on  their  business  in  the  centres  of  cities  or  towns 
where  space  is  costly  and  where  the  trouble  and  danger  of 
steam  engines  become  large   factors. 

The  great  industries  of  boots  and  shoes,  cottons  and 
woolens,  usually  produce  their  own  power. 

Among  printers,  we  have  a  large  patronage  from  "j<^ 
shops"  and  a  good  proportion  of  the  newspaper  oflices,  but 
practically  none  of  the  book  printers,  whose  "runs"  are  long 
and  whose  "  make>readys  "  are  comparatively  shorL 

The  committee  sees  but  two  ways  by  which  to  reach 
the  large  consumer.  First,  to  reduce  wholesale  rales  until  they 
become  attractive. 

In  looking  over  the  reports  we  notice  that  wherever  the 
rates*  are  especially  low  the  motors  in  circuit  arc  especially 
large  and  the  number  of  whulesale  customers  is  also  large. 
Although   a   reduction   in   rates   is   very  sure  to   bring    large 
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customers,  the  commitw*  docs  not  believe  ihai  this  course 
is  necessary. 

The  atiemaiive  suggestion — lo  educate  the  prospective 
customer — is  much  mure  rational  and  more  satisfactory  in  the 
end.  Although  electric  power  has  been  in  use  for  15  years,  yet 
it  is  not  the  tirst  power  of  which  a  man  thinks  when  he  is  about 
to  start  a  new  factory.  If  the  central  station  could  hax-c  its 
solicitor  on  hand  to  explain  the  advantages  of  electric  drive 
over  mechanical .  drive  before  the  prospective  customer  has 
purchased  his  gas  engine  or  steam  engine,  or  made  his  con- 
tract for  power  from  a  bell,  a  great  amount  of  business  might 
be  obtained  which  is  lost  simply  throuf^b  unfamiliarity  with 
electric  power  on  the  part  of  the  power-using  public.  In  this 
connection  it  is  of  the  highest  importance  that  the  solicitor 
be  thoroughly  conversant  with  different  manufacturing  pro- 
cesses, and  be  a  man  of  great  power  of  observation,  so  that 
he  can  take  in  the  situation  quickly  and  give  the  customer 
the  needed  points  which  will  "tell"  and  turn  the  scale  to 
electric  drive  supplied  from  central  station. 

After  a  customer  has  been  secured  he  should  not  be  left 
to  his  own  resources,  but  should  be  advised  as  to  the  number 
of  motors  to  purchase  and  their  arrangement.  Careful  atten- 
tion to  the  details  of  installations  at  the  time  the  motors  are 
purchased  wiil  effect  economies,  and  these  will  go  to  the  credit 
of  the  central-station  service.  The  customer  is  naturally  quite 
reluctant  lo  buy  several  motors,  when,  so  far  as  he  can  see, 
one  will  do  the  work  just  as  well ;  but  the  solicitor  should  have 
at  hard  facts  and  figures  that  will  prove  conclusively  that  the 
extra  motors  will  return  a  good  dividend  upon  the  investment, 
and  that  with  the  individual-motor  equipment  or  the  group 
drive,  the  central-station  can  supply  power  more  cheaply 
than  the  customer  can  produce    it  himself. 

One  great  point  of  economy  which  should  be  looked  after 
is  the  use  of  the  electric  elevator  in  place  of  that  operated  by 
steam  or  hydraulic  power.  In  many  factories  may  be  found 
ft  «low-speed  freight  elevator  driven  by  belts  from  the  main 
shaft  This  can  always  be  changed  over  and  connected  to  an 
electric  motor  without  calling  on  the  elevator  makers  and  at 
comparatively  smalt  expense. 

Another  important  feature  in  central-station  service  is 
the  facility  with  which  any  single  department  can  be  run 
over-time.     This  often  avoids  the  employment  of  inexperienced 
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help,  and  enables  the  oianufacturer  to  respond  more  promptly 
to  any  unusual  demand. 

Another  exceedingly  important  factor  in  the  advantages 
of  electric  power  is  the  ease  with  which  a  plant  can  be  enlarged 
by  merely  buyin|{  additional  motors  from  time  to  time.  Instead 
of  taking  out  and  discarding  an  overloaded  steam  plant  and 
putting  in  a  new  one  at  enormous  expense,  or  at  least  adding 
long  lines  of  shafting  ;ind  belting. 

The  ability  to  move  machines  about,  taking  the  tool  to 
the  work,  instead  of  the  work  to  the  tool,  is  often  a  great 
advantage  in  large  establishments,  and  this  may  be  done  with 
the  greatest  facility  when  tools  are  directly  connected  to 
electric  motors.  The  time  saved  by  this  arrangement  in  shops 
handling  large  masses  of  metal  would  pay  a  very  large  dividend 
on  the  investment  in  motors. 

The  cleanliness  of  a  shop  supplied  with  motors  instead  of 
with  shafting  would  be  a  revelation  to  one  who  was  not  familiar 
with  the  results  which  such  a  change  in  power  produces. 

The  committee  greatly  regrets  the  brevity  and  indefinite- 
ness  of  this  report,  but  the  responsibility  for  that  reals  upon 
the  memberit  of  the  association  who  did  not  respond  to  the 
committee's  circular.  If  the  members  wish  lo  receive  infor- 
mation, they  must  be  willing  to  impart  it,  and  the  committee 
hopes  that  when  future  committees  send  out  their  interrogatory 
letters,  ihey  will  not  be  compelled  to  state  that  87  per  cent 
of  you  failed  to  respond. 

There  is  so  great  a  variance  in  the  completeness  of  dificrent 
reports  that  the  committee  adds,  as  an  appendix,  the  reports 
received  from  the  companies  with  which  the  three  members 
of  the  committee  are  connected,  as  being  typical  of  the  reports 
the  committee  hoped  to  receive,  but,  in  most  cases,  did  not. 

Finally,  the  committee  would  suggest  that,  if  such  Infor- 
mation as  this  report  contains  is  of  sufficient  value  to  the 
association  to  make  it  worth  white  to  continue  the  research, 
then  a  form  be  prepared  upon  which  to  report  such  data. 
This  form  should  be  supplied  lo  the  members,  and  should  be 
filled  out  and  sent  in  at  such  intervals  as  may  be  desirable, 
whether  annually  or  tttennially,  as  you  may  determine. 


Respectfully  submitted, 

{  W.  H.  Atkins,  Chairman, 
Committee,  ]  S.  Moxcan   BusukclI-. 
(  Geo.  W.  Bkikr. 
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"  In  accordance  with  your  letter  of  January  ijih,  1  gi»e  you  ihe  follow- 
ing ilala  of  Ibis  company,  lo  be   used   in  connection   with    the  report  on 

Purthased  Electric  Power  in  Factories; 
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391         Shop  9,  Motor  J 


PAI'EK-BCIX    MANrpACTfKlM; 


16 
10 


Group  and  elevator 
One  molor 


Ci.iJTiirsi;  Manukaltl-rinc. 


I 

X 

3 

4 

s 

6 

7 
i 
9 


id 
i 
(1 

a 

3 

17'i 

33 
3 


Group  drive  and  elevator 
One  motor 

Group 
One  molor 


Group  and  elevalor 

One  motor 


30,692 

5.056 

19,073 


44.938 
'.578 
9.660 
1.066 

1S.S14 
2,13a 

14.SOO 

15.740 
734 


lO 
ID 


9 
10 

lO 
10 

10 

to 
9 
9 

to 


4U 


CuS'       QuHLIod  No.  1 
tomrr  Kp 

Number      CoanccEed 


PuHtioa  No.  a 
Driie 


Ijueitian  No.  3 
Kw  per  Year 


f^ucBtJon  No.  4 
tin.  p(r  Day 


Candv  Manufacturing 
I  at  Group  and  elevator 

a  35 

3  I'H 


One  motor  and  elevator 


Paint  Manufacturing 

>  nH 

a  ao 


One  motor 


5['R[NG-BKD   MANUFACTURINU 

I  46  Group  and  individual  motors 

3  10                           One  motor 

3  35  Group  and  elevator 

4  35  Group 


4. 140 
4.03a 
3.750 


10,004 
14,053 


48.934 
5.99a 

36.010 
37.B96 


10 

10 


Shop  10.  Motor  a 


10 
10 


to 
10 
10 
lO 


Mattrkss  Manufacturing 


One  motor 


ClIEMlCAI.    MaNUKACTURING 


I  50 

SrONK    CUTTEHS,    ETC. 

7M 


One  motor 


One  motor 


.2 
3 

6 
7H 

No. 

Motor*          „„ 
No.             "P 

I 

7 

43H 

3 

71 

430  ii' 

3 
5 

6 

I 

13 

z6 

50 
90 
181 

7 
8 

9 
10 
Misc. 

3. 

4 
14 

B 
16 

33K 
86 
S8K 
*37H 

1,376  Shop  lo.  Motor  4^ 


37. 5 'o. 


3,174  Shop  9 

1.404  ■'     9 

1, 660    Shop  9,  Motor  4>i 


SUMMARY 

Drive 

One  motor  (a),  group  (i).  part  individual  and  part 

group  (1) 
One  motor  (37).  group  (6),  part  individual  and  part 

group  (6) 
One  motor   (i) 
One  motor  (lo),  group  (l) 
One  motor  (16},  group  (5) 
One  motor   (3) 
One  motor  (a),  group  (1) 
One  motor   (5),  group  (4) 

Group  and  elevator  (3),  one  motor  and  elevator{i) 
One  motor  (8),  group  (3),  part  individual  and  part 

group  (l) 
cent  in  favor  of   Individual   motors. 
No.  6  : 


Question   No.  5,  7>4  per 
Answer  to  question 

Printing 

a — Displaced  partial   steam    plant,  40-hp  engine   for  power,  60-hp  engine 
for  light. 
3a — Displaced  partial  steam  plant,  35-hp. 
38 — Displaced  steam  plant,  aj-hp. 

METAL-WORKINn 

la — Kerosene  oil  engine,  6-bp. 
14 — Displaced  gas  engine,  4-hp. 
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CHtMKAl.  ManufactL'ri.\(; 


I  — Displaced  partial  sleam  plant.      (Steam  planl  alill  used  >■  an  auKiliarj-O 
Question  No.  7,   Probably  about  5  per  cent. 

"     8,  Electric  current  sold  on  meter  basis  and  al  very  low  rates 
so  that  customers  pay  only  for  energy  actually  required. 

,  ■*     ')■  ^55  hp. 
"    10,  14  per  cetil. 
'    [I,  Horse-power  connected  increase  over  January  I,  1903,  9  per 

cent;  total  connected  load  increase,  12}^  per  cent. 
'     12,   We  supply  both   direct  and  aliernaiing  current,  the  alter. 
nating-curiem  motors  being  60-cycIe,    single  phase,   up  to 
5-hp.  ihrie  phase  over  5-hp. 
"13,  High  rate  7  tents  per  kw-hopr,  low  rate  3  cents  per  kw-hour 
up  to  10  hp.  2  cents  per  kw-hour  over  to  hp,  subject  10  10  per 
cent  discount  on   prompt  payment;  the  kw-hour  charged 
at  the  high  rate  being  ba<:ed  on  the  connected  toad. 
In  arriving  at  ihe  answers  to  questions  Nos-  to  and    ri.   the   total  num- 
ber of  arc  and  incandescent  lamps  connected  was  reduced  to  horse-power  " 


EXHIBt  1      B  —  KOSTON,    MASSACHUSETTS 

"The  use  of  electric  power  in  factories,  as  the  term  is  ordinarily  used 
is  very  small  in  Boston  except  in  two  or  three  lines,  namely,  printing 
and  clothing  manufacluring.  The  largest  use  of  electric  power  in  this  city 
is  for  elevators,  which  of  course  do  not  come  under  the  scope  of  Ihe  com- 
mittee's circular. 

We  would   answer    the   committee's   questions   as   follows; 

Class   1  —  Boot  and  shoe   manufacturing,   none. 

Class  Imprinting.     Horse-power  and  motors  are  as  follows: 


Cu«((iiBer 

MoIi>r 

I 

I     -hp 

10 

1 

>3}       !. 

I 

i 

10 

'5 
f.3)     3 

•i 

1           4 
l(3>    5 
i(3>     6 

1         "o 

\_<2)  15 

i,S 

s 

b 

I 
S 

20 

q 

[ 
3 

''A 

Drive 

Kw-hourm 

Individual 

401 
a.585 

'■ 

Boi 

Group 

37.974 

Individual 


Single 

Group 
Single 


Individual 


38.370 


6ai 

19.561 
1,811 

i.it? 

i(,iaa 
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CuAiDincr 

Number 

Motor 

II 

10 

13 

6 

13 

M 

'K 

>5 

■  u 

■6 

'}f 

17 

i8 

'9 

» 

3 

31 

3 

aa 

3 

H 

13)      J^ 

23 

a 

a4 

I 

^ 

2 

a? 

3 

as 

as 

10 

ag 

10 

30 

1 

3" 

I 

3" 

1 

33 

lO 

'5 

H 

1 

34 

10 
(J)   12 

(3)3° 

l<4)  50 

3i 

I 

36 

3 

u 

I 
3 

» 

3 

*o 

5 

4« 

I 

43 

'\i 

43 

i« 

44 

I 

4S 

3 

3 

46 

I 

47 

3 

4S 

10 

49 

I 

SO 

3 

51 

1H 

5" 

5 

S3 

3., 

54  "■ 

*H 

ii 

7« 
I 

S7 

.3^ 

.hp 


Dri.e 

Kw-boun 

Single 

5.996 

Group 

a4.793 

Single 

34s 

*' 

80S 

" 

307 

" 

147 

<t 

3.085 

n 

393 

*» 

hoS 

■* 

'■435 

1,691 

Individual 

'.759 

Single 

1,084 

" 

40s 

it 

440 

'.•97 

Group 

37.744 

Single 

16,700 

" 

10,53a 

*' 

1,064 

" 

17a 

',459 

Group 


38,284 


Individual 

74.469 

Single 

'55 

" 

1,746 

'* 

2,506 

•' 

Mt 

** 

2,aSS 

■t 

3.991 

It 

262 

■1 

1.365 

■  > 

1.005 

•t 

260 

Group 

3.459 

Single 

567 

*' 

1,069 

" 

6,613 

*' 

333 

" 

3.641 

•■ 

SSi 

•t 

319 

>• 

1,468 

la 

'.964 

«• 

5.394 

A4 

95 

<l 

5.733 
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CuUOEBcr 
Number 

ss 

60 
6! 


6a 


6j 


66 
67 

6g 
70 
It 

IS 

n 

74 

75 
?6 

77 

76 
79 
So 
Si 
8a 
83 
84 

85 
86 


f(a) 


Ll;l 


Motor 

Drive 

1     -hp 

Single 

iH 

>■ 

t 

■« 

3 

lo 

Group 

50 

3 

5[nB;le 

6 

1  • 

2 

4 

Individual 

5 

3 

I 

Single 

3 

I 

5 

7^i 

S 

2 

J" 

3 

I 

a 

2 

'i 

5 

Individual 

3 

Single 

3 

1 

I 

I 

t 

3 

3 

'!^ 

Kw-houn 

;^ 

5,989 
984 


»5.5'0 


1,181 

Sa3 

598 

9« 

7.094 

6,409 

3.073 
1.048 

25.613 
l.»74 

Sos 
10s 

44 
a? 
66 

a? 
104 

B69 

t,oa6 
3S4 
ai8 


22 


12 


7K 
3 

6 


I 


The  synopsis  of  the  above  is  given  belo» 
Hone-power         'i       M       '^         "        "^        J       ?H 
No.  of  motors      4       5      j      25      9       16      2 

l^orse-povrer  15  iti  /o  as  jo 

No.  of  motors  31424 

The  [oUl  number  of  printing  olTices  is  86,  havingf  136  motors  ot  loSi 
hiirse-power.  Of  these  faclories.  ^i  are  driven  by  single  raolors.  7  by  motors 
applied  10  group  machines  and  S  by  moiors  applied  to  individual  macbinos. 

Toui  number  of  liw-hours,  334,383. 

Answer  to  question  No.  4,  nine  hours. 

Cla^s  3 — Cotton  man Lifac Luring,  none. 

CI»SE  4 — Woolen  manufacturing,  none. 

Class  5 — Woodworking.      Morse-power  and  motors  are  as  follovrs: 


Cusiomer 
Numt>cr 

87 

ss 


Mouir 


-h,> 


D.ice 
Slnifle 


Kw'boun 

4.764 

!83 


4'S 


Cuitomer 

N'msbc 

Motor 

S<) 

iH-hp 

90 

5 

9" 

10 

92 

2'. 

93 

12 

94 

:o 

9f 

7'i 

9C 

3 

97 

15 

gs 

J'i 

99 

5 

100 

15 

loi 

2 

101 

a 

103 

3 

A 

104 

10 

105 

3 

106 

3 

107 

3 

loS 

7 

»09 

5 

no 

»'* 

III 

3 

tta 

3 

113 

IZ 

114 

12 

/IS 

5 

n6 

I 

117 

3 

118 

10 

119 

ZO 

I30 

2 

III 

5 

113 

3 

5 

laj 

5 

134 

10 

"5 

S 

136 

5 

127 

S 

I  as 

S 

H9 

3 

130 

S 

'3> 

2 

133 

3 

i» 

10 

134 

15 

Drive  Kw-haun 

Single  503 

"  3S0 

1,061 

"  Ii™>4 

13.855 

6,885 

3.741 

"  I.62(, 

3.43<> 

863 

'■  100 

1,611 

641 
615 

Group  3,581 

Single  a.ogg 

536 
603 

191 

1,763 

839 

3.s8t 

1,836 

S4S 

"  1,453 

l6g 

6,784 

4.917 

136 

9,700 

Group  3.444 

Single  494 

3,519 

'  "59 

3,007 

3,oao 

563 

::  S 

".  449 


H 


The  foUowing  is  the  synopsis: 
Elotsc-powrr  I  '''A3  4  S  7        7!i       lo        u       II       JO 

No.   of  motors         18371        14        135333 

The  total  number  of  factories  is  4S,  having  5omatart  of  313  horse-power. 

Of  these.  46  are  driven  by  single   motors  and  tiro  by  motors  applied  to 
groups. 

Total  number  of  kw-hours.  30,498. 

Answer  to  question  No.  4,  eight  hours. 

Class  6 — Metal- working.     Horse-power  and  motor*  arc  a*  follow*; 


4i6 


Ciutomer 

Nuoaber 

Minor 

'35 

12   ■ 

136 

5 

137 

(3)5 

'5 

10 

'38 

2 

139 

3 

140 

(a)  10 

Ml 

3 

141 

3 

143 

=K 

1+4 

'5 

145 

■!^ 

14O 

3 

'47 

5 

>48 

I 

149 

'i^ 

150 

1 

'51 

1 

151 

I'i 

12 

'53 

a 

i!4 

■>^ 

'55 

5 

156 

15 

'57 

3 

15S 

3 

I5*J 

I 

160 

'■i 

161 

I 

1 62 

5 

163 

2 

164 

b 

i6s 

7 

166 

(3)40 

i(.7 

1 

16S 

4 

i6g 

"i' 

J  70 

3 

171 

I'i 

10 

172 

10 

'73 

5 

174 

I 

'75 

t 

.^t 

3 

177 

=  '.• 

178 

10 

179 

5 

I  Bo 

I 

l^[ 

3 

l»Z 

3 

'83 

10 

184 

7'4 

■as 

5 

1S6 

I 

"87 

7 

18S 

I 

]8g 

7 

11/) 

S 

Drive  Kw^houn 


hp  Single  3,965 

3,So6 

Group  6,334 

Single  S7 

1.881 

Gruup  8,431 

SinKle  1.61S 

1.8B3 

a."74 

11.584 

303 

"  B.076 

344 
339 
27a 

454 

Group  4,tt68 

Single  I1I33 

368 

a,654 

9.633 
1,165 

S'T 

83, 

MS 

333 

2.6s  I 

464 

"  i.«>S 

>.w 

Group  18.410 

.Single  240 

247 

779 

(■roup  S,o6o 

Single  4.893 

",067 

laj 

110 

"  3.III 

967 

"  6.100 

fi.6i8 

7SO 

lAbo 

».«4i 

4.646 

3-583 

3801 

980 

■■  5,050 

3,736 
•S,i.a 


417 


Ciwtomer 
Number 

191 
193 

'93 

19s 
196 


Motor 
J 

a 

3, 

3 

I 


Single 


Kvr^houn 


524 
2,030 

ast) 

3.0S3 

133 


7:i 
3 


2 


The  (ollowing  is  Ihe  synopsis; 
Hnrse-povrer  i      1  ^      ?     ?!3      ^        4       5       6 

Nil.  of  molots         10     5     8     3      11      I      II      I 

Sixty-two  lactones,  having  71  motors  of  461  horse-ponrer. 
57  are  driven  by  single  molors  and  four  by  motors  a.pplied  to  groups. 

Total  number  of  kw-hours,  ltio.130. 

Answer  to  question  No.  4,  eight  hours. 

Class  7 — Bookbinding,     Horse-poHer  and  motors  are  tti  follows: 


»   jj    40 
1      1      3 

Of  these, 


CusEodiEr 
Number 

198 

199 
300 
30t 
ZOS 

ao3 


Motor 


5 

a 
10 

3 

3 

10 

5 

30 

3 


-hp 


Drive 
Single 

Group 
Single 


Group 
Single 


Kw-boun 

867 

3,011 

3.189 

339 

1B.959 

"0.734 
9S 


The  following  is  the  synopsis: 
Horse-power  z  3  s  jo  ao 

No.  of  iT.otors  3  I  1  3  I 

Seven  factories,  having  nine  molors  ol  jg  horse-power.  Of  these,  live  are 
driven  by  single  motors  and  two  by  motors  applied  to  groups. 

Tolal  number  of  kw-hours,  35.185. 

Answer  to  question  No,  4.  ten  hours. 

Class  8 — Paper-boit  manufacturing.  Horse-power  and  molors  are  as 
follows: 


Cuitoiner 
Sutnber 

304 
3US 
306 
307 


Motor 


7 

hi 

I 


-hp 


Drive 
Single 


Kv^liaun 

g.501 

3.9' t 
!i,i75 

1. 740 


The  following  is  the  synopsis: 
Horae-powcr  r  il;  ^  7 

No.  of  motors  I  I  I  i 

Four  factories  having  four  motors  of  15  horse-power.      These   are   all 
driven  by  single  motois. 

Total  number  ol  kw-hours,  17,3*7. 

Answer  to  question  No.  4.  nine  hours  a  day. 

Class  9 — Clothing  manufacturing.      Horse-power   and    motors  are   as 
follows: 


4i8 


Cunomer 

NuatKt 

Hcitor 

3o8 

3  -hp 

log 

3 

310 

1 

211 

'H 

311 

2 

113 

1 

114 

1 

aiS 

3 

116 

I 

117 

(3)1 

liS 

l'^ 

3:9 

i.'a 

3iO 

3 

3ZI 

3 

323 

3 

223 

■ 

314 

aH 

335 

'H 

236 

iH 

337 

2 

228 

3 

229 

3 

230 

S 

231 

3 

232 

233 

.  'h 

334 

23s 

336 

237 

23B 

■'2 

33g 

240 

241 

343 

343 

IH 

344 

245 

346 

247 

248 

249 

I'i 

250 

i^ri 

251 

2;2 

253 

a'  ■> 

aS4 

255 

^•^b 

J'^' 

257 

1 '  J 

35^ 

250 

260 

3',l 

262 

l'  ■ 

3'.3 

I '". 

264 

26s 

i^; 

2(,l> 

2 

Driv* 
Single 


Group 
Single 


H 


•  1 


Group 

SinRlu 


Kwboara 

3.881 
4.576 

534 
».336 

tS6 

1. 1*3 
1,333 

3,  I  TO 

1.379 

970 
i,S6t 
a.'>S5 
».7So 
1.797 
i.738 

1.739 
1, 316 

799 

3.IJ4 

3,301 
3,438 

1,136 

1,314 

1,606 

I.44P 
938 
6.358 
»,77o 
1,634 

'.347 
1.069 
3,081 
1.445 

970 
a.955 

71S 
3,319 
1, 90S 
3,190 
'.737 
'.433 
3365 
i.S6g 
i.SjS 

113 
l.SiJ 
1.40T 
1. 41 6 

4»S 

481 
3.&S3 

3.730 
633 
1,101 
a,  133 
1,410 
1.470 


4>9 


CiutaiE.er 

HambB 


369 

370 

871 

373 
374 

3^ 

376 

'JX 
378 

■So 

s8i 
3Sa 

387 

S88 

3S9 

ago 
191 
39s 
393 

396 

'n 
398 

399 
300 

301 

303 

303 

306 

306 

309 

310 
311 
3W 
^3 

3»4 
3"! 

3t6 
317 
318 

319 
330 

3*' 

333 


Motor 

I     -hp 

3 


H 


TO  ■ 
IS 


Drin 


Sir4M|r> 


H 
H 


H 

'a 

H 


SI 

B^B 

1^1 

'  (t 

■.148 

GtXMip 

ii4SO 

Sln^ 

1.303 
».>73 

n 

1,065 

k« 

i,o« 

Group 

3.444 

Group 

•0,708 

Single 

1,067 

1 

«.098 

' 

".774 

1 
1 

I,9IH 
■37 

44 

t,i6t 

Group 

4.113 

Single 

I,6So 

n 

1,317 

Bt 

ioi 

tt 

1.837 

1,667 

II 

1.3S7 

•■ 

«« 

■  t 

I.tSS 

>« 

i,«to 

■  A 

1.983 

•t 

1.769 

1« 

■■»( 

4» 

46 

It 

1.35" 

it 

367 

H 

S.960 

41 

1.430 

tt    ^ 

1.936 

H 

i,4&4 

it 

33S 

■  I 

1.987 

tt 

1.013 

M 

«.478 

•• 

3.617 

l« 

3.679 

■! 

■  4 

•i7l8 

14 

1.365 

4» 

t.S43 

41 

1.399 

■  I 

614 

h4 

1.737 

>i 

S9J 

41 

"      1.176 

Bl 

i,"9 

4t 

775 

II 

709 

Bl 

439 

If 

3*1 

420 


Cmtomcr 

NunbeT 

393 
334 

3*7 
338 

329 
330 

33' 
33a 
333 
334 
335 
336 
337 
338 
339 
340 
34' 
34a 

343 
344 


Motnr 

3     -hp 
I 

1 
3 

'K 

1 

I 

3 


I 

a 
3 

hi 

5 

t 

(a)  8 


Drive 

Group 

Single 


Group 
Single 
Group 


Kir-hourv 

713 

339 

1,069 

1.97a 

3,113 

I,I&8 

33 

77 

167 

390 

83 

55 

139 

*97 
1,304 

6.4 
a.33' 
1.357 

3,1-3 

1,040 
3,014 


3 

2? 


The  following  is  ihtr  synopsii ; 
Horie-powtr  1  j^^  j  i^ 

No.  of  motors  4q  3s  ii  ; 

The  total  number  of  factorUk  it  [37,  having  14;  motor*  of  309  horse- 
power. One  hundred  and  twenty- nine  are  driven  by  single  moton  and  eight 
by  motors  applied  to  groups. 

Total  number  of  kw-hours.  228,401^. 

Answer  lo  question  No.  4.  nine  hours. 

Class  ]o — Candy  manufacturing.  Horse-power  and  moton  are  as 
follows: 


Number 
345 


34fi 

347 

34B 


Motor 


3 
1 
I 

3 
15 

z 


■hp 


1^) 


iJritfe 


Individual 


Single 

Individual 
Sifigle 

(  >rrll]p 


Kw'houTB 


4.335 


349 

33 1 
340 

3.  $34 


The  lullowing  ih  the  synopsis. 


l-l£»r»r-|K,wcr 
Nil.  of  motors 


The  total  number  of  factories  is  five,  having  tl  motors.  31  horse-powei. 
I  >f  these,  two  are  driven  bv  sin^c'e  motors,  ont  bv  motors  applied  to  groups 
,uid   Iivo   by    motors   running   iniliviilj^il   machine-.. 
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Total  number  of  kw.hoiirs,  7,769. 

Answer  10  question  No.  4.  nine  hours. 

Class  IT — Laundries.     Horse-power  and  motors  are  as  follows: 


Number 

350 
3S' 
35= 
353 
354 


Motor 

a 
3 

3 

a 
3 


Drire 
Single 


Kw-houn 

a,9S3 

1,641 

479 


The  following  Is  ihe  synopsis; 


HfinC'powtr  r  \ 

No.  nf  motors  3  2 

The  toial  number  ol  factories  is  five,  having  five  molon,  is  hor*e-power. 
These  are  all  driven  by  single  molors.     Kw-hours.  6,758. 

Answer  10  question  No.  4.  nine  hours. 

Jewelry  m  an  u  far  luring.     Horse- power  and  motors  are  as  follows: 


Cu9iompr 

Number 

Mofor 

355 

5     -hp 

356 

1 

3S7 

K 

3S8 

s 

359 

Hi 

360 

a 

3&1 

I 

3fi3 

iH 

363 

% 

364 

I 

The 

following 

is  the  synopsis: 

HoTK-pO 

wer 

«                    K 

No.  of  motors 

t                         3 

Drive 

Single 

Individual 
Single 


Kw-boun 
5. 764 

1.575 

733 
3,058 

347 
377 

J37 

74 


4  3  11 

The  total  number  of  (aclorics  is  10,  having  It  motors,  15  horse-power. 
U(  These,  nine  are  driven  by  single  motors  and  one  by  motor  applied  to 
individual  machine. 

Total  number  of  liw-hours,  ti,I55. 

Answer  to  question  No.  4,  eight  hours. 

Opticians.    Horse-poner  and  motors  are  as  follows: 


Customer 

NumbcT 

Motor 

365 

I      -hp 

366 

% 

367 

I 

366 

3 

369 

I 

370 

H 

37" 

3  , 

37a 

^ 

373 

I 

Drive 

Single 


Kw.boun 

772 
749 

194 

917 
t.lo6 

38 
1.395 

'.043 
870 


4»» 


CuHomer 
Nmsbcr                             Hour 

DriTC 

Kw-boun 

374  >     -hp 

375  4 

376  a 

Single 

Group 
Single 

a43 

5.933 
1,380 

The  following  is  the  tjrn 

lopa 

.is: 

Hor»t-pow<r                      (4 
No.  of  moEors                  3 

1 
5 

1 

I 

3 

I 

4 

* 

The  lolat  number  of  factories  is  13,  having  13  motors  of  30  horse-power. 
Of  these,  1 1  are  driven  by  single  motors  and  one  by  motor  applied  to  single 
group. 

Total  number  of  kw. hours,  14.540- 

Answer  to  question  No.  4.  nine  hours. 

Answer  to  question  No.  5,  15  10  so  per  cent. 

Ansner  to  question  No.  6.  under  metal-worlting,  ijo-hp  steam  engine 
replaced  by  55-hp  motor.     A  15-hp  steam  engine  replaced  by  lo-hp  motor. 

Under  clothing  manufacturing,  5-hp  gas  engine  replaced  by  5-hp  motor. 

Under    woodworking.    5-hp    gas  engine  replaced  by  5-hp  motor. 

Under  printing,  an  S-hp   steam  engine  replaced  by  10- hp  motor. 

Answer  to  question  No.  7,  none. 

Answer  to  question  No.  9,  3,356. 

Answer  to  question  No.  10,  iq  per  cent. 

Answer  to  question  No.  11,  17  per  cent  increase  over  horse-power 
connected  January  I.  1903.  Thirty-three  per  cent  increase  in  total  lotiil 
during  the  year. 

Answer  to  question  No.  12,  both. 

Answer  lo  question  No.  13.  10  cents  per  horse-power  per  hour,  with  ■ 
discount  of  )0  per  cent  to  40  per  cent,  according  to  the  amount  used.  We 
also  make  a  minimum  charge  ol  (s.oo  per  horse-power  per  montb,  based  not 
on  the  horse-power  of  the  motor  but  upon  the  maximum  demand. 

I  believe  this  answers  vour  committee's  inquiries  as  fully  as  [he  data 
we  have  at  hand  enable  us." 


EXHIBIT    C — CHICAGO,    ILLlNOtS 

The  figures  from  the  Chicago  report  are  given  below.  Inasmuch  •■  the 
report  was  drawn  by  one  of  this  committee,  a  targe  part  of  the  suggestiona 
and  recommendations,  with  which  the  report  is  particularly  replete,  have 
been  omitted  here  and  haic  been  incorporated  elsewhere  as  part  of  the  com- 
mittee's report. 

"  Replying  to  the  first  four  questions,  we  submit  a  list  of  forty  customers. 
giving  in  tabulated  form,  first,  the  numberof  miiiors  installed  for  each  cus- 
tomer; second,  the  total  horse-power  capacitv  of  motors  installed  for  each 
customer;  third,  the  avcriige  number  ol  hours  per  day  during  which  each 
factory  runs;  (ourih.  the  annual  consumptiiin  of  electricity  for  power  in  kw- 
houTs;  fifth,  the  kind  of  motor  drive,  whether  by  an  individual  motor  on  each 
machine  01  by  running  a  graup  of  machines  on  each  motor;  and  sivth.  the 
former  jource  of  power.      Where  the   power  was  furnished  formerly  by  a 
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steam  engiae  and  transmitted  by  belt*  or  rope  drive  to  the  mkchlnes  we  have 
indicated  it  by  the  word  '  Steam.'  Where  Ihe  transmisiion  was  partly  by 
motors  and  partly  by  belts  or  ropes  we  have  indicated  It  by  the  lerm  '  Steam 
and  Electric'  Where  the  cusloitiers  ha.d  started  up  for  the  Gr«t  time  on  our 
service  we  have  used  the  word  '  Original,'  and  where  our  service  has  been 
substituted  for  gas  engine  we  have  indicated  it  by  the  words  'Gas  Engine.' 

Ol  the  eleven  classes  of  faclories  suggetted  in  your  letter  we  have  omit- 
icd  four;  namely,  cotloo  manufacturing,  woolen  manufacturing,  clothing 
manufacturing  and  laundries.  We  do  not  know  of  any  cotton  or  woolen 
mills  here  in  Chicago,  and.  while  we  have  motors  used  for  clothing  manufac- 
turing and  laundry  woric,  they  are  smaller  installations  and  the  information 
on  them  would  not  therefore  have  a  direct  bearing  on  the  subject,  which  we 
understand  lo  be  especially  the  larger  installations  of  power  in  factories. 

In  addition  to  the  classes  which  you  mention,  we  have  given  instances 
under  manufacturing  plumbers'  supplies,  the  grinding  and  preparing  of 
grain  for  foods,  the  manufacturing  of  absorbent  cottons  and  porous  plasters, 
the  preparing  of  wholesale  grocers'  supplies,  and  the  handling  and  cleaning 
of  leathers. 

The  list  which  we  submit  is  as  follows: 


CLASSIFICATION 


Cuiiom-   No. 
tr's        o( 

Ho.    Moiors 


Hoiin 
TduI  Operated 
Hp    per  Day 


Yearly 

Houn 


Boot  and  Shik  Manufacturcng 
1         21  54         lo  43:684 


Kind 

or 

Drive 


Group 


Printing 


21 
II 
31 
3> 

69 

105 

'5 

'3 


45 

so 

38 

165 

'37 

834 

341 

=5 


13 
II 
la 
la 
'3 
15 
15 
30 


43.676 
35.489 
26,904 
88,6Sl 
98,642 
419.489 
176.961 
28,811 


Individual 

Group  and  Ind. 

Individual 


Metal-workinc 

15         II         160 


16 
17 


22 

6 


400 

28 


10 

10 
10 


151,581 


31.840 

105,635 

6.324 


Individual 
Group  and  ind. 


Former 

Source  of 

Power 


35-hp  gas  eng. 
Steam 


Original 
ao-hp  gas  eng. 


1, 

,018.654 

Printing  and  Bookbinding 

10             49             196         I0-30 

136.616 

Individual 

Steam 

Woodwork  ISC 

11        14         91          9 
:a         6         52)^    10 

13  1          30        10 

14  I.        30        10 

33.016 
41.021 
44.623 

33.S91 

Individual 
Group 

Sieam 

SO-hp  gas  eng 

Steam 

Steam 

Steam   and  elec. 

S  learn 
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CuitOD 

-   No. 

Hourm 

Yearly 

Kind    - 

Former 

»r'i 

of 

Toul  OpcmnI 

Kw 

ol 

Source!^ 

No. 

Moton 

Hp 

per  Day 

Hours 

Orin 

Power 

i3 

7 

"5 

lO 

85.q3o 

Group 

Steam 

»9 

lO 

130 

iS 

166,121 

' ' 

'* 

zo 

7 

65 

10 

23.536 

Individual 

Ongfinat 

31 

5 

63 

9 

62,894 

Group 

Steam 

22 

3 

31 

8 

9.786 

*' 

'* 

23 

6 

50 

'2i^ 

7J,9*'2 

" 

■* 

24 

19 

I4S 

10 

116,860 

" 

** 

25 

7 

78 

10 

42,S6z 

Individual 

'* 

s6 

II 

225 

11 

110.750 

*' 

** 

27 

lo 

29 

10 

16.718 

'* 

" 

28 

5 

33 

10 

31,650 

Group 

*t 

139    1,546 


1.370.766 


Plimbers'  FiiTiNGS,   Mahki.k,   Etc. 


29             2 1              238 

10 

14S.512 

Individual 

Steam 

P.VF'tR    AM)    TlS-BO.t 

Manukacti'ring 

30          47           1J4 

10 

82.650 

Gi 

roup  and  ind. 

Sleam   and  elec. 

Camiv  Mam'kactiirini: 

31         10          65 
3  J         29         [15 

10 
10 

33.3** 
102.651 

Gi 

roup  and  ind. 

Steam 

BkKAKKAST  Foods 

33            J          150 

111 

180,149 

Group 

Original 

SlOl  K    FlH>l)S 

34          3          50 

10 

23,57<> 

Individual 

Original 

Cotton  CAKorMi  ami  Phroi/s  Plastkiss 

35         35         '60 

10 

14Z.S40 

G 

rou;>  and  ind. 

Steam 

WiiDLKSALK  Groceries 

36  23         25Q 

37  -*         "3' 
3^            4            39 

10 
10 

10 

104,520 
53.360 
32. 146 

G 

roup  and  ind. 

Steam 

FhATHEE  Factory 

39  1          40 

40  I           3; 

10 
:o 

2t).  360 
2S,643 

Group 

Orifcinal 
Steam 

The  sixth  question  is  practically  answered  in  ihc  schedule.  In  a  great 
many  cases  the  electric  moiors  were  installed  when  the  customer  moved  to 
a  new  building  and  the  electrical  In.stallation  represents  a  larger  plant  than 
the  old  steam  plani.  We  therefore  can  n<it  gel  a  very  close  comparison  be- 
tween ihe  motors  required  ;ind  ihe  steam  power  emplovcd  lo  do  the  same 
work. 

In  the  examples  given  in  the  schedule  you  will  note  thai  in  Ihe  majority 
of  ea^es  the  motors  have  been  ^ubscituted  lor  one  or  more  9teatn  engines. 
The  reason  for  this  is  ihu  fad  that  these  installjlions  are  neart;  all  larger 
sijed  installations.  On  our  smaller  power  installations  we  have  a  great  many 
examples  where  gas  engines  have  been  supplanted  by  electric  motori  and 
central -Stat  ion  service.  We  have  just  made  up  a  list  of  I30cuslomera.  taken 
at  random  from  our  books,  who  have   fiirmeily  used   gas  engines,  but  oho 
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have  Lbtown  Lhem  out  &nd  tubstituted  electric  motors  supplied  nith  current 
from  our  central-station  supply. 

Referring  to  Che  ninth,  ten  a.nd  eleventh  questions,  we  respectfully 
submit  the  following  report  of  the  Edison  and  Commonwealth  companies 
in  Chi<^sgo  : 

The  motors  connected  to  the  Edison  service  January  3,  ")' 3.  are  as 
follows  : 

Low-tension,    direct-current,  general   power.  14194.4  hp 

elevator        "  14215.5  "' 

alt.           "           general         "  157.6  " 

elevator  10  " 

500-voil  power,  general         '\  sB?  s  " 

elevator        "  S59.5  " 

This  B"*"s  us  *  wwl  of  29734.3  " 

connecleil   lo  the  Edison  lines  January  3,   iqas. 

During  the  year  from  January  3,  1903,  to  January  a,  1904,  the  net 
increase  in  connected  power  load  was  (t2ll.b  horse-power;  in  other  words, 
the  increase  on  the  Edison  lines  amounted  to  3t  per  cent  (or  the  year. 

The  motors  connected  to  the  Commonwealth  Electric  Company's  ser- 
vice  January  3.   1903,   are  ai  follows: 

Low-tension,  direct-current   motors  for  fteneral  power,  153^.3  hp 

"           "'              "         "     elevator      "  355.5    " 

alt.            '■              "         "     general       "  3188  5    "■ 

"             "             "         "     elevator      "  211.5    " 

500-volt  power      "         "     general       "  391.      " 

"      "         "           "         "     clci-ator      "  62.5    " 

This  gives  us  a  total  of  5734.3  horse-power  in  motors  connected  to  the 

Commonwealth  service  January  3.  1903. 

During  the  year  from  January  3,  1903.  10  January  a.  1904,  the  increase 
in  connected  load  was  255S.9  horse-power,  or  about  44.6  per  cent  on  the 
Commonwealth  lines. 

Taking  the  Edison  and  Commonwealth  companies  together  we  find  the 
total  horse- power  connected  Januarys,  1903.  is  35468.5  horse-power.  The  net 
increase  during  the  year  of  January  ^,  1903,  lo  January  a,  1904,  is  8770.5 
horse-power,  or  about  84.5  per  cent. 

Referring  to  the  last  question,  as  lo  our  rates  fur  power.  I  beg  to 
inclose  copies  of  our  contracts  (or  general  power,  alsa  the  special  form  for 
elevator  service.  These  are  the  rates  that  are  used  both  in  the  smaller 
installations  and  in  the  larger  ones  lo  which  we  have  referred  in  the  above 
schedule." 

DISCUSSION 

Mb.  Brine:  I  want  to  hear  from  some  of  the  members 
as  to  what  supervision  they  have  over  the  use  of  power  that 
is  sold  for  motor  purposes.  We  recently  had  a  case  in  Atlanta 
where  we  were  negotiating  to  take  on  a  fa<;tory  of  about  100 
horse-power,  and  one  of  our  solicitors  told  the  proprietor  of 
the  factory  that  he  could  use  the  current  for  making  light.     I 
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turned  tliat  proposition  down,  and  lold  him  wc  could  not  allow 
it  to  be  done. 

Mr.  KERnL'sox:  If  I  may  be  perniilted,  1  would  say  a 
few  words  on  this  subject.  In  niy  address  last  year  as  presi- 
dent I  recommended  that  tliis  coTninittcf  un  ptircliased  electric 
power  be  appointed.  I  confess  I  am  rather  disappointed  in 
the  nmnbcr  of  replies  that  have  come  in  response  to  the  inquiries 
of  the  committee.  I  think  the  reason  is  that  the  member  com* 
panics  do  not  appreciate  the  importance  of  the  power  business. 
In  many  of  the  larger  cities  the  Kfowih  of  the  power  business 
has  been  enormous;  ^eater  in  proportion  thjin  that  of  the 
lighlinf;  business.  In  the  lar^c  cities  there  are  scores  of  installa- 
tions of  power,  ninninR  from  too  to  looo  horse-power,  and 
it  seems  lo  me  that  if  the  sniall  companies  toolc  up  this  work 
tliey  couM  make  as  ((■'(^t  strides  in  proportion  to  the  size  of 
their  cities. 

I  think  many  of  you  know,  from  the  talks  yoii  have  heard 
in  these  conventions  in  fonner  years,  of  the  success  in  large 
cities  in  cutting  out  the  isolated  t^'ants,  It  is  an  old  stor^' 
now :  I  am  not  going  to  talk  much  upon  it,  but  make  the 
statement  to  show  you  what  can  be  done.  W'c  have  on  our 
circuits  at  the  present  time  in  Chicago  nine-tenllw  of  llie  office 
buildings  in  that  city.  It  is  also  safe  to  say  that  wc  have, 
not  a  part,  but  all.  the  club  buildings  in  Chicago;  and  in 
nearly  every  case  this  business  has  been  obtained  only  by  tak- 
ing out  isolated  plants.  This  applies  to  the  Chicago  Club,  the 
(riiicago  Athletic  Club,  and  the  L'nion  League  Club.  .MI  these 
clubs  have  been  operating  plants  for  about  ten  years,  bin  we 
now  have  all  that  business  on  our  own  station.  I  offer  this 
lo  show  you  what  can  be  done.  If  we  can  do  that  in  the 
case  of  clubs  and  r>f)ice  buildings  there  is  no  reason  why  we 
can  not  do  it  in  the  case  of  factories.  What  I  was  after  in 
making  the  reconmiendation  for  the  appoinlment  of  this  com- 
mittee was  not  to  have  a  report  on  the  use  of  small  motors, 
but  a  report  of  the  success  in  getting  big  business,  big  fac- 
tories, the  class  you  \vould  least  expect  to  get.  It  is  well 
known  that  the  best  engineers  in  the  countr>'  recommend  elec- 
trical transmission  for  factory  work.  As  illustrations,  we  can 
point  to  the  Deering  Harvester  Works  in  Chicago,  the  Chicago 
and    Norlhwestern    Railway    shops,    and    a    number    of    other 
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installation*  of  thl^cmd.  It  happens  titat  in  these  tK*o  par* 
ticular  cases  the)'  are  twymui  the  reach  of  the  eenirul-ttaiion 
system,  being  in  the  outskirts  of  the  city,  and  are  operated 
by  isolated  plants.  That  does  not  interfere  at  all  with  our 
argumenls.  [f  electrical  transmission  is  the  imii)er  thing  it 
comes  dcmn  to  a  question  of  whether  the  central  station  can 
handle  the  business  or  allow  the  isolated  plant  to  come  in. 

In  an  effort  to  obtain  this  busmess  there  is  one  thing 
that  the  solicitors  forget  to  consider,  which  is  also  omitted 
from  the  report  on  this  subject,  and  that  is  the  question  of 
load  factor.  The  load  factor  where  single  or  individual  motors 
are  used  is  25  per  cent,  based  on  the  running  time  of  the 
factory.  In  places  where  group  driving  is  used  it  ranges  from 
25  per  cent  to  50  per  cent.  Wlien  a  solicitor  goes  in  to  see 
a  customer  and  gives  him  a  price  per  hp-hour.  the  proprietor 
immediately  lakes  that  price  ami  itiuhipltcs  it  by  the  maximum 
horse-power  of  his  plant  and  the  number  of  hours  it  operates, 
and  says  he  can  not  afford  it.  The  solicitor  is  not  smart 
enough  lo  divide  it  by  four  and  say  that  is  really  the  price. 
[  will  give  you  a  few  illnstralions  of  the  value  of  electric 
power  as  against  hand  power,  and  in  order  that  I  may  quote 
the  figure*  correctly  I  will  ask  you  to  allow  me  to  read  them 
from  a  memorandum  I  have  made. 

We  have  on  our  lines  a  factory,  at  Twenty-fifth  street 
and  .Armour  avenue,  for  the  manufacture  of  porous  plasters 
and  absorbent  cotton.  This  factory  has  two  fivc-hp  motors. 
each  of  which  will  operate  a  line  of  forty  sewing  mai;hines. 
The  manager  of  the  factory  lells  me  that  a  girl  can  do  double 
the  amount  of  work  where  the  sewing  machine  is  run  by 
motor  that  can  be  obtained  from  her  if  she  runs  the  sewing 
machine  by  a  treadle.  In  other  words,  electrical  power  doubles 
the  amount  done  by  each  girl  employed.  The  pay  of  these 
girls  runs  from  $8.00  to  $9.00.  per  week,  or  from  15  cents 
to  20  cents  per  hour.  The  average  load  on  these  motors  is 
about  four  horse-power,  90  that  the  average  total  cost  of  run- 
ning the  motors  is  from  18  to  20  cents  per  hour,  allowing 
liberally  for  the  loss  of  efficiency  in  motors  and  figuring  the 
cost  of  current  at  4.5  cents  \kt  kw-hour.  This  would 
make  the  cost  of  current  for  each  sewing  machine  half  a  cent 
per  hour.     From  this  we  can  see  that  the  expenditure  of  half 
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a  cent  an  hour  has  effected  a  saving  of  an  expenditure  of 
t;  \u  20  cents  per  hour  (or  manual  lalwr,  the  ratio  in  favor 
of  electrical  power  being  as  one  to  thirty. 

Let  us  take  another  example ;  The  Corbctt  Railwajr 
Printing  Company  has  now  been  using  our  power  for  about 
two  years  in  the  Brock  and  Rankin  building;.  It  formerly  used 
steam  power  furnished  by  the  owner  of  the  building.  Mr. 
Corb,ett  tells  nie  ihnt  ilte  old  steam-power  installation  enabled 
him  by  using  different-sized  pulleys  to  vary  the  speed  on  hU 
presses  over  a  range  of  four  speeds.  Thcprcscnt  installation 
gives  him  the  choice  of  any  speed  whatever  over  a  range  of 
about  300  per  cent.  This  difference  corresponds  to  the  differ- 
euce  made  in  most  printing  offices  by  the  substitution  of  elec- 
tric drive  for  the  old  system  of  steam  engines  with  belts  and 
pulleys.  The  Corbett  Printing  Company  figures  that  it  gels 
eight  per  cent  larger  output  for  the  $aiuc  labor  by  means  of 
this  greater  fle.vibitity  in  speed,  since  it  is  now  enabled  to  use 
in  each  case  just  as  high  speed  as  is  practicable  for  the  work 
that  is  being  done. 

Assuming  that  tlie  pay  of  a  printer  is  $0  cents  per  hour, 
we  should  have  a  saving  of  four  cents  an  hour  on  each  press. 
or  alwut  3S  cenis  per  day.  Tlie  ordinary  .*ij;e  of  motor  u-ied 
on  these  presses  runs  from  1.5-hp  up  to  7.5-hp.  the  average 
1>cing  about  ihrcc-hp.  Thf  average  cost  of  power  in  this  jtartic- 
ular  establishment  runs  $2.57  per  month  per  horse-power  con- 
nected. Figuring  twenty-six  days  per  month  we  sJiould  have 
about  10  cents  per  day.  or  for  three  horse-power.  30  cents 
per  day:  in  other  words,  if  steam  power  were  furnished  abso- 
lutely free,  without  any  cost  whatever,  it  would  still  pay  the 
printer  to  buy  his  power  from  the  central-station  company  at 
regular  rates,  and  he  would  save  money  by  doing  so. 

Another  example  is  the  Chicago  Candy  Company,  St  the 
southeast  corner  of  Fulton  and  Sangimion  streets.  This  com- 
pany formerly  operated  an  isolated  plant,  getting  its  power 
from  a  steam  engine.  About  a  year  ago  we  installed  ten 
motors  having  a  total  capacity  of  65  liorsc-powcr.  The  steam 
engiite  was  shut  down,  and  since  that  time  the  power  has 
been  furnished  from  these  motors  operated  by  the  Edi*on 
central-station  current.  Mr,  E.  K.  Corle,  Ihc  nian-iger.  states 
that   they   are   more   than    satisfied    with   the   change.      Before 
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tli«  motors  were  in»lalled  tlie  power  accuunt  was  $600  per 
month.  Since  tlic  motors  have  been  in»Ial]ed  the  bills  for 
Edison  ser%'icc  have  been  about  $135  per  month  and  the  total 
iiccotiiit  has  been  $285,  including  the  salary  of  an  cnt^incer  to 
run  a  low-pressure  boiler  for  cooking  tlie  candy.  In  other 
words,  there  has  been  a  savinR  of  over  $300  per  month  by 
the  adoption  of  Edison  power. 

If  every  company  in  the  association  would  agree  to  it 
that  dtirinp  the  coming  year  no  factory  should  start  up  within 
the  limits  of  thctr  lines  without  first  having  the  merits  of 
electric  motors  driven  by  central-station  service  fully  explained 
to  the  owners,  the  result  would  be  an  enormous  stride  onward 
in  this  branch  of  the  business.  Kvcry  station  should  make  it 
a  point  during  the  coming  year  to  employ  men  fully  posted 
in  this  line  of  work;  or  if  they  can  not  find  such  men  they 
should  employ  bright  men  of  goo<l  meclianical  ability  and  give 
them  the  opportunity  to  obtain  the  necessary  information,  so 
that  these  men  in  their  turn  may  educate  the  public. 

Tlie  subject  of  electrical  power  xs.  one  that  is  but  very 
little  understood  by  the  vast  majority  of  users,  and  until  the 
power  user  has  been  fully  infontied  as  tu  the  merits  of  using 
electrical  power  .and  the  advantages  to  be  derived  iherefmm, 
it  is  useless  to  expect  him  to  discard  the  steam  engine  and 
the  old  methods  to  which  he  ha.s  been  accustomed  for  so  many 
xears. 

Mil  ARTiiiJit  WiLt.iAMs:  With  Mr.  Ferguson  and  the 
committee,  I  regret  that  a  larger  percentage  of  replies  could 
not  have  been  received  to  the  questions  asked  by  the  com- 
mittee. I  do  not  think,  however,  that  lliis  small  percentage 
indicates  any  lack  of  interest  in  this  subject  on  the  part  of 
the  members,  but.  as  in  New  York,  a  lack  of  information 
necessary  to  schedule  the  answers  to  the  questions  that  tlie 
committee  prepared,  The  schedule  required  a  great  deal  of 
work  on  the  part  of  our  statistician  and  the  results  were  not 
in  my  piiss<'s»ion  until  two  days  before  leaving  for  the  con- 
vention. The  report  was  lost  and  I  should  have  telegraphed 
for  the  figures  had  I  known  earlier  that  the  paper  was  not 
in  my  possession.  The  results  covered  fourteen  classes  of 
power  service,  taking  into  account  the  daily  use  per  horse- 
power installed,     The  averages   vary  from  20  to  70  per  cent 
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in  tile  usual  nine  or  ten-hour  period  of  daily  work.  I  shall 
be  glad  to  incorporate  these  figures  in  tliis  report  if  it  be  the 
wj&li  of  the  associalion, 

Mr.  Ferguson  drew  attention  to  a  very  important  point 
in  telling  iwwer^tlic  tendency  of  uur  c»ni)i»rtitors  to  take  the 
rated  capacity  of  ilic  motor,  niultjpl}'  it  by  tiie  number  of 
hours  of  daily  operation,  then  by  the  cost  per  horse-power, 
claiming  ibat  the  result  is  the  cost  of  electric  service.  From 
an  dcctrical  staiidpoinl,  thai  is  absurd.  Only  20  to  70  per 
cent  of  the  capacity,  depending  upon  the  class  of  work,  should 
be  taken.  It  was  found  in  a  recent  test  that  alKnit  50  per 
cent  of  the  power  was  consumed  in  sluifling  ami  belting,  and 
tliat  result  is  not  unusual.  While  the  percentage  varies  from 
JO  to  70  per  cent  a»  the  avenge,  I  have  not  the  slightest  doubt 
but  tliat  50  per  cent  of  the  power  cKpcndcd  in  New  York  city 
is  for  merely  driving  the  shafting  and  belting.  The  solicitor 
should  have  schednk's  ami  exninple»  at  his  fingers'  ends  when 
talking  on  behalf  of  electric  motors.  The  incidental  advan- 
tages of  electric -power  service  are  very  |;rcat.  In  the  Gov- 
ennnent  Printing  Office  at  Washington  (be  .sick  list  was  rcduce<l 
55  per  cent  by  the  substitution  of  individual  electric  motors 
and  the  elimination  of  shafting  and  belting,  the  attendant 
noise  and  vibration  of  whicli  seemed  to  wear  on  the  nerves 
of  men  as  well  as  of  women. 

The  cost  of  elevator  service  on  our  lines  averages  $iS 
per  horse-power  annually,  ranging  from  $12  to  $25.  The 
general  power  service  will  probably  average  between  $40  and 
$60  annually;  and  the  cost  of  coal  delivered  at  the  doors  of 
the  boilers  will  in  itself  average  $30  to  $35  annually  where 
coal  is  S3.50  per  ton,  to  which  must  be  added  llic  cost  of 
labor,  supplies,  interest  and  depreciation. 

One  of  the  most  interesting  of  recent  power  developments 
is  that  at  Montreal,  instituted  by  Mr.  Gossler.  and  I  think  we 
should  ask  him  to  give  us  a  description  of  the  Montreal  methods. 

Ms.  G0S.SLER:  In  reply  to  Mr.  Williams'  inquiry  I  will 
say  tliat  I  notice  the  statement  made  in  the  report  that  'here 
are  two  ways  to  reach  the  customer ;  first,  reduce  the  rates 
until  the)-  are  so  low  as  to  be  attractive,  with  the  alternative 
of  educating  the  customer.  I  regret  that  the  committee  has 
overlooked  or  ignored  the  possibility  of  selling  power  on  a 
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liniitetl  basis;  that  is,  wheii  it  docs  tiot  have  to  be  supplied  at 
the  tinic  of  peak  load.  1  have  suggested  that  possibility  on 
several  occasions  and  have  generally  been  met  with  the  state- 
ment that  it  could  not  be  done,  especially  in  large  inaiiufaciuring 
establishments.  The  best  answer  1  can  make  to  this  is  that 
it  has  been  done,  and  is  being  done,  and  at  the  present  lime 
the  Montreal  company  has  connected  to  its  lines  power — not 
nominal  rating  of  motors,  but  acttul  power — supplied  on  the 
limited  basis  of  about  75^^  Iiorse-fMiwer,  among  the  users  l>e!iig 
the  Dominion  Cotton  Mills,  to  which  we  arc  under  contract 
to  supply  3500  horse-power  and  which  has  an  average  load 
of  3000  horsc-]>ower.  They  do  not  use  power  from  four  to 
six  o'clock  ill  ibc  afternoon  from  the  15th  of  September  to 
the  15th  of  March.  At  the  same  time,  the  Rumber  of  factory 
hours  of  3000  per  annum  is  not  decreased.  Tliey  accomplish* 
this  by  reducing  tlie  time  for  lundicon.  starting  fifteen  min- 
utes earlier  each  day  and  operating  until  four  o'clock  on  Satur- 
days, In  consequence  of  this  arrangement  we  have  obtatnwl 
a  power  load  in  Dccnnbcr  at  the  time  of  our  heaviest  lighting 
load.  I  think  that  last  December,  on  several  days  during  the 
time  just  preceding  Oiriiilinas,  our  power  load  from  seven 
o'clock  in  llic  morning  until  six  o'clock  in  the  evening  was 
about  90  per  cent  of  the  maximum  demand.  In  the  last  six 
weeks  the  average  power  load  from  seven  in  the  morning 
until  six  at  night  has  been  85  per  cent  of  the  maximum  demand. 
We  have  numerous  contracts  that  require  that  at  least  part  of 
tile  power  shall  be  discontinued  during  the  time  of  peak  load; 
also  contracts  requiring  power  only  from  seven  o'clock  at  night 
until  seven  o'clock  in  the  morning — such  as  pumping  stations 
and  operating  printing  presses.  We  have  had  an  all-day  average 
load  of  75  per  cent  of  the  maximum  load. 

Ch.xrles  B.  BufttxicH  (Boston):  It  occurred  to  me  when 
reading  over  the  report  of  the  committee  on  purchased  electric 
power  in  factories  that  the  central-station  peojiJc  do  nol  appear 
to  appreciate  tlie  importance  of  this  .subject,  from  the  fact  that 
462  inquiries  were  sent  out  and  only  61  replies  received. 

The  census  report  of  1902  shows  that  the  yearly  income 
derived  from  the  sale  of  electric  current  by  central  stations 
amounts  to  sonirthing  over  $6,000,000  per  year,  and  but  $70,000 
of  tbi.«  is  received  for  the  sale  of  current  for  stationary  motors, 
or  a  little  over  one  per  ccnL 
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I  liax-c  made  numerous  itotes,  but  on  account  of  the  Umiied 
time   shall   be  obliged   to   discard   thciii.     The   last   Rcnllciiian 
tb;tl  «i>oke  practically  covered  the  point  that  I  want  to  make, 
which  is  that  ii  is  my  impression  that  the  cenlral-station  people 
do  not  fully  appreciate  the  desirability  of  havinR  as  nearly  a 
full  all-day  load-ciirve  as  ptnsfible,  thus  making  their  earnings 
a  larRcr   percentage   on    the   original   investment.     When    you 
first  started  in  business  you  did  municipal  lighting  four  hours 
out  of  the  twenty-four.     You  then  looked  around  lo  get  com- 
mercial   arc   lighting    and    increased    your    load-curve   by    two 
hours  and  found  that  you  were  earning  an  interest  on  your 
investment   six   hours   a   day ;  but   your  interest  and  deprecia- 
tion were  going  on   twenty-four  hours  a  day,  and  yoo  bec^n 
lo  look  around  to  sec  how  you  could  increase  your  earning 
capacity  still  further.     Tlic  electric  railroad  offered  the  easiest 
means   to   some  of    you   and    yon   took   advantage  of   il   and 
increased  your  load-cur%'c,  as  per  the  report  of  the  committee 
on  progress,   almul   six   hours,   but   increased   with   a    variable 
load   and    found   it   necessary   to   increase  your   investment   to 
meet  the  conditions;  that  is,  you  did  not  increase  your  eaminj; 
capacity   in   proportion    to    your   increase   in   investment.     Of 
course  some  of  you  had  no  facilities  (or  increasing  your  earn- 
ing capacity  in  this  manner.     It  is,  without  question,  extremely 
desirable  for  you  to  increase  your  revemie  wilh  as  little  increaae 
of  investment  as  possible. 

Xow.  how  can  you  best  do  this?  The  stationary  ntotor 
will  increase  your  load-curve  to  ten  hours,  anyway,  and  in  some 
cases  even  more;  electric  heating  and  cooking  will,  unques- 
tionably, also  assist  you.  Most  central  stations  wait  for  the 
power  load  to  come  to  them,  and  the  load  that  does  come  to 
ihem  unsolicited  is  the  load  that  they  can  least  afford  to  mn : 
it  is  a  variable,  inicrmitlent  load,  for  which  they  must  neces- 
sarily charge  a  high  price.  •  because  they  must  increase  their 
investment  to  handle  the  maximum  demand.  You  are  looking 
for  printing  offices,  machine  sltops,  candy  mamifactureri, 
laundry  machinery,  *■/  (aUra.  which  arc.  on  general  principles, 
the  poorest  class  of  power  business.  These  are  the  people  who 
find  it  expensive  to  manufacture  their  own  power,  else  they 
would  not  have  come  to  you.  The  people  who  manufacture 
the  (wwer  cheaply  are.  in  nine  cases  oul  of  ten.  the  people 
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to  whom  you  can  supply  power  cheaply,  as  they  are  the  steady, 
all-day  customers. 

Why  do  you  not  get  after  tlie  big  fellow?  He  will  give 
you  ten  hours'  steady  load,  so  thai  you  can  earn  money  on 
the  investment  that  you  niakc  to  meet  the  demand.  This  party 
says  he  can  manufacture  electricily  as  cheaply  as  you  can.  or 
more  cheaply.  He  is  a  manufaclttrer  of  certain  goods  and  his 
whole  energies  arc.  or  should  be.  bent  on  producing  his  goods 
as  cheaply  as  he  can,  and  the  power  part  of  the  cost  is  perhaps 
three  to  ten  per  cent  of  the  cost  of  manufacture.  The  cost 
of  power  is  but  an  incident  to  bis  business.  Your  business 
M  making  power.  To  make  a  living  you  manufacture  it 
cheaper  than  anyone  else,  or  you  can  not  sla>'  in  the  hu^ine&s. 
That  being  your  business,  your  energies  are  all  centred  upon 
the  one  point  of  power  production.  Why  do  you  not  go  to 
this  manufacturer  and  show  him  that  you  are  in  a  position  to 
furnish  power  to  him  more  cheaply  than  he  can  produce  it — 
which  \xni  can  unquestionably  do?  If  he  be  a  parly  using 
power  ten  hours  per  day,  do  not  think  that  you  have  to  get 
from  him  the  same  price  per  kw-hour  as  from  the  man  who 
is  using  pfiwcr  to  the  same  amount  but  three  hours  a  day. 
You  can  afford  to  cut  your  price  in  two  for  the  constant  user 
and  still  luake  more  profit  than  you  can  from  the  tlircc-hour 
customer.  You  do  not  appear  to  appreciate  this  fact,  but  the 
prospective  customer  does,  and  you  secure  the  business  of  the 
undesirable  customer  and  lose  thai  of  the  desirable  one.  It 
would  pay  each  of  you  a  handsome  interest  on  ihe  investment 
to  carry,  say,  a  20-hp  motor  in  stock  at  a  cost  of,  say,  not 
over  $500  or  $50  per  year.  Look  over  your  territory  and 
determine  what  customer  you  consider  desirable.  Go  to  him, 
tell  him  you  would  like  to  weigh  his  power  with  a  view  to 
verifying  your  judgment  that  you  can  furnish  him  with  power 
more  cheaply  than  he  can  produce  it  him.self.  Assure  him 
that  it  shall  not  cost  him  anything.  Install  your  motor  and 
operate  it  as  long  as  it  is  necessary  for  you  (o  get  his  load- 
curve.  This  will  not  cost  you  a  great  deal.  When  you  have 
secured  his  load-curve,  superimpose  it  on  your  station  load- 
curve  and  make  him  a  rate  in  accordance  with  the  cost  of 
current  at  the  point  on  your  load-curve  where  his  load  appears. 
Be  satisfied  with  a   fair  profit,  and   in  nine  cases  out  of  ten 
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you  will  secure  a  good  custoner,  and,  hiy  filling  -a 

in    your  load-curve,  will  assist  in  cutting    down   llie  cost  o{ 

production  on  the  rest  of  your  load. 

I  am  sorry  that  the  limited  time  will  not  pemiit  going 
into  this  subject  more  in  detail,  as  it  is  one  of  great  iuipuiluioe 
and  worthy  of  most  careful  consideration. 

Mr.  Dusman:  I  wish  to  say  a  word  is  defenae  of  Hit 
report,  which  is  largely  statistical.  Three  years  ago  I  became 
connected  with  a  small  company  where  there  waa  one  atatiao 
wattmeter,  20  per  cent  of  the  customers  on  Bat  rate,  30  per 
cent  on  Edison  meters,  and  the  rest  on  any  old  ^^pe,-  mth  no 
records,  no  statistics,  no  financial  records,  or  anyttdng  that 
would  enable  us  to  make  up  any  report  of  consequenoe. 

At  the  close  of  the  convention  last  year  I  made  the  request 
that  blai^s  asking  for  replies  be  sent  to  members  in  duplicate. 
If  this  committee,  immediately  after  its  appointment  had  aeot 
a  form  to  all  the  companies,  undoubtedly  the  companies  would 
have  taken  the  trouble  to  get  the  necessary  infcnmation  to  fill 
out  the  forms  more  completely.  Our  company  had  no  records 
of  what  was  called  for  and  consequently  could  not  give  it; 
but  I  am  sure,  from  my  experience,  that  if  the  oontnuttee  had 
sent  out  its  blanks  earlier  and  in  duplicate,  it  wonM  have  received 
more  replies. 

I  make  a  motion  that  in  future  statistical  blanks  be  fur- 
nished in  duplicate  and  that  all  questions  to  be  answered  be 
printed  on  one  side  of  the  paper  only,  so  as  to  give  OB  an  oppor- 
tunity to  distribute  them  among  our  different  foremen,  iriio  must 
necessarily  help  to  fill  out  the  blanks ;  also  that  tfie  Uanlcs  be 
printed  in  copying  ink  whenever  practical.  ■ 

(On  motion,  adjourned  until  half  after  two  in  tiie  after- 
noon.) 


FIFTH  SESSION 

President  Edgar  called  the  meeting  to  order  promptly  at 
half  after  two  o'clock,  and  announced  the  first  business  to  be 
the  report  of  the  committee  on  district  heating,  Mr.  E,  E. 
McCabe,  chairman. 


Mr.  McCalK  presented  the  following  report: 

REPORT  OF  COMMITTEE  ON  DISTRICT 

HEATING 


National  ElutrU  Light  Atsodation : 

Mr.  President  and  Gkmlemek  :  Your  Comniictee  on 
DUtrict  Heating  submits  the  tollowitifC  report: 

It  liiis  been  the  effcrt  of  this  commiitee  to  learn,  if  pos- 
sible, the  present  condition  of  district  hejiting,  m,  an  auxil- 
iary to  central -station  lighting  and  power  supply,  from  a 
physical  and  finunci»l  point  of  view,  for  the  benefit  of  tho&e 
companies  now  engaged  in  healing  and  those  that  have  this 
subject  under  consideration. 

A  list  of  14  questions  was  prepared  and  sent  out,  with  an 
explanatory  circiiliir  letter  outlining  the  objects  of  the  com- 
mittee, and  requesting  replies  in  percentages,  which  it  was 
thought  would  meet  with  the  least  objection  from  central- 
station  managers. 

Of  too  companies  addressed,  51  made  reply  ;  36  operating 
Steam  and  16  operating  hot-water  systems.  The  questions 
and  replies  have  been  tabulated  and  are  herewith  submitted. 

A  comparative  schedule  of  ti  of  the  most  pertinent  ques- 
tions and  replies  is  submitted.  From  these  data  the  commit- 
tee makes  its  suggestions  and  recommendations. 

The  schedule  gives  a  fair  insight  as  to  the  relation  of 
investment  and  income  from  heating  systems  as  compared 
with  lighting  and  power  properties  and  revenues,  and  dem- 
onstrates that  when  once  established  they  grow  better  each 
year,  tt  also  shows  what  proportion  of  fuel  cost  can  be  paid 
with  hciiting  income. 

A  comparison  of  the  cost  of  steam  coal  and  domestic 
coal  would  indicate  that  the  central  station  had  a  tremendous 
advantage  In  lirst  costs  of  operation,  and  it  follows  that  il 
the  same  care  is  exercised  in  the  sale  of  heat  as  in  the  sale 
of  current,  a  combined  property  will  show  better  returns  on 
the  money  invested. 

The  committee  recommends  that  a  standard  form  of 
accounting  be  used  by  all  ci»mpanies  operating  healing  sys- 
tems, and  submits  herewith,  for  the  approval  of   the  associa- 
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tion,  such  a  schedule.  Further,  the  committee  suggests  lliat 
central-station  maniigcrs  give  Ihix  point  carrhil  and  immediate 
iiltcntton,  so  that  they  may  derive  by  next  year  the  benefits 
from  the  adoption  of  such  a  form. 

It  is  the  idea  of  the  committee,  in  making  this  suggestion, 
that  it  would  be  well  (<ir  Ofierating  companies  to  keep  »a 
account  of  ihis  character  (separute,  if  necessary,  from  their 
general  accounting),  so  thai  for  future  reference  comparisons 
could  be  made  by  proportions. 

It   is   thought   that   this  would    be   of   value   to  many,  la 


COMPARATIVK    STATF.MBNT    REVRNUE    AND 
EXPENSES.    SEASON    OF    190        AND    190 


Heuiof  Depoilacnl 

Sept. 

Oct. 

Hot. 

Dec 

J.I.. 

Feb. 

Mat. 

Apr. 

»*•» 

t.    Revenue.. 

6. 

7,  OpcTaiLng;  expense* 

ro    Laborin  bgller-room.... 
11.   Kcpnir*   on   mains   *nd 

1],  Inspcciion  meicrs,  trap*, 

14,  Total  operatini!  expense. 

1 

I 

1 

1          1 

comparing  the  work  of  their  company  with  thai  of  others, 
and  it  will  enable  the  commillee  10  formulate  suggestions 
that  will  materially  aHsist  In  bringing  up  the  standing  of  dis- 
trict heating. 

The  replies  to  question  No.  5,  as  follows,  "What  per 
cent  of  gross  heating  income  do  you  charge  to  operating 
expenses.*"  are  in  many  cases  not  to  the  point  and  indicate 
a  lack  of  knowledge  of  this  important  feature,  which  is  to 
be  regretted.  We  therefore  suggest  that  an  effort  be  made 
by  the  management  of  companies  operating  heating  plants  to 
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dclerminc,  as  closely  as  locul  conditions  will  {>crmlt,  the  cost 
o(  supplying  heating  service. 

In  many  Cttses  this  can  be  arrived  at  only  on  an 
approximsic  basis,  and  for  the  bcnclil  of  those  interckted  we 
xu^^st  the  following  method  for  determining  such  costs : 

Cotts  flhould  be  AguTcd  for  cacli  tnonib  Mpiaiaicly, 

.        Total  pounds  coal  burned      ,,.,,-,  ,^       ■  i   » 

A  B  ai   ■  V    ■ — — ..   ■-    .. c  round*  coal  iier  litloirati  (ncatiiiB  nontas). 

Towl  output  in  kilowatta  "^  v  »  - 

Average     pounds 
_  Toul  poundt  coal  burned  (all  Doa-lieBiIng  months)  _      coal    per     kllo- 


Tolal  output  In  hilowaiu  (  " 


)         watt  (noo-bcfti- 
ing  months,) 

A— 'B  =  Total  pounds  con]  per  kilowatt  chargeable  to  heating  •yitcm. 
CbarRci ; 

Cual.  ■•  above.  I'-Rcilicr  wilh  proportlonut*  smounli  «i  water,  labor  in 

ttoiler-room  and  boiler  repairs  ;  alio  total  of  all  chargas  in  direct  cao- 

nectlon  with  beating  tysiem. 

It  will  be  found  that  in  many  cases  this  basis  will  oot 
give  accurate  results,  on  account  of  the  varying  load  factors 
(in  each  individual  plant  in  summer  and  winter,  and  partic- 
ularly in  the  cases  of  condensation  plants;  a  proper  modifi- 
cation of  the  suggested  basis  may  be  safely  left  to  the 
operating  superinlendent. 

It  is  evi<lrnt  from  the  reports  that,  from  a  mechanical 
standpoint,  the  meter  has  nut  been  lully  pei^ccted.  This, 
no  doubt,  can  be  attributed  to  the  short  time  that  it  has 
been  on  the  market,  and  the  consensus  of  comment  indicates 
fiiilures  in  mechanical  detail  rather  than  of  the  principle 
involved  in  tts  construction. 

It  is  also  desirable  that  some  form  of  meter  be  devised 
for  hot-wiiicr  systems,  judging  from  replies  to  question  No.  7 
by  company  No.  41,  operating  a  hot-water  system,  which  is  as 
follows,  "t  believe  meters  would  be  th«  best.  It  would  un- 
doubtedly keep  the  doors  and  windows  closed." 

A  set  uf  standard  rules  and  specifications  for  inside  piping, 
if  enforced,  would  solve  many  a  problem  as  to  the  way  in 
which  pressures  now  required  may  be  materially  reduced. 
This  is  clearly  shown  by  the  replies  to  questions  Nos.  10,  n, 
la,  13,  14  and  tj 

The  committee  can  not  too  strongly  urge  that  these  ques- 
tions and  replies  be  given  the  most  careful  coniideration,  as 
here  lies  the  bulk  of  the  difliculties  in  the  way  of  securing 
maximum  benefit. 
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Question  i. 
Ill  what  year  was  your  heating  plant  established? 


I'l'MFAKT          HtlTUI 

1 

Hot  Water 

October,  1900 

^ 

Hot  Water 

igo2-i90j. 

3 

Steam 

iSgg, 

4 

Hot  Water 

1899. 

5 

Steam 

1897. 

6 

Steam 

1901. 

7 

Si  earn 

1900. 

8 

Steam 

1901- 

9 

Hot  Water 

1900. 

10 

Hot  Water 

1900. 

II 

Hot  Water 

1902, 

11 

Sieam 

1902. 

ij 

Hi't  Water 

1900. 

t4 

Steam 

1903- 

15 

Hot  Water 

I  goo. 

i6 

Hot  Water 

1903. 

17 

Stcsni 

1900. 

i8 

Steam 

1902-1903. 

13 

Steam 

1903- 

20 

Steam 

igoi. 

ii 

Steam 

1901. 

2^ 

Steam 

1903- 

JJ 

Hot  Water 

1901. 

-^4 

Steam 

1903. 

•iS 

Steam 

igoi. 

j6 

Steam 

1903- 

z7 

Steam 

i8g6. 

28 

Hot  Water 

igoi. 

29 

Steam 

1895- 

.W 

Steam 

I  goo. 

31 

Steam 

1903. 

J2 

Steam 

1896. 

33 

Si  earn 

igo2. 

34 

Steam 

188S. 

3S 

Steam 

ift/ 

36 

Hot  Water 

tgoo. 

37 

Steam 

1902. 

3fi 

Steam 

1903. 

39 

Steam 

1900. 

40 

Steam 

1892. 

4" 

Hot  Water 

190a 

42 

Hot  Water 

1899. 

4.1 

Steam 

1902-1903, 

44 

Hot  Water 

igoi. 
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T     iTsmi 

45 

Hot  Water 

1903, 

46 

Steam 

1903. 

47 

St«am 

1897. 

48 

Steam 

1892. 

49 

Steam 

1898. 

50 

Sleam 

1898. 

51 

Si  earn 

1902. 

52 

Steam 

Our 

(Schoii's  Balanced-column  Hot-water  System. > 


Our  healing  plant  was  originally  established  in  1889. 
In  the  summer  of  1900  it  was  entirely  rebuilt,  using 
the  American    District   Heating   Company's   appa* 

ratus  and  system  ihroiighout. 

Question  2. 

What  is  the  proportion  of  your  gross  investment  in  heating  plant 
to  your  gross  investment  in  electric  plant  ? 

15  per  cent 

50  per  ctnt  or  onc-lhird  total. 

20  per  ctnl, 

SO  per  cent  or  one-third  total. 

20  per  ccni, 

25  per  eeni. 

Not  given. 

Not  given. 

100  per  cent  or  one-half  total. 

2  per  cent  total. 
Not  given. 
40  per  cent. 
15  per  cent. 
Not  given. 

25  per  cent  electric  plant.  5  per  cent- entire  property, 
33  1-3  per  cent. 
20  per  cent. 
10  per  cent. 

18  per  cent  or  r;  per  cent  total. 
40  per  cent, 
263  per  cent. 
Not  given. 

100  per  cent  or  one-half  total. 
40  per  cent, 

$.S.ooo  less  than  one-half. 
Not   given, 
10  jicr  cent, 
15  jit-r  cent. 
One-fifth. 

Figures  for  this  not  available. 
Heating   phint    12.5  per   cent  of  electric  plant. 
Our    hetiting    system    is    incidental    to    our    electric 


1 

2 

Hot  Water 
Hot  Water 

3 

Steam 

4 

Hot  Water 

5 

Sleam 

6 

Steam 

7 

Steam 

8 

Steam 

9 

Hot  Water 

10 

Hot  Water 

11 

Hoi  Water 

12 

Steam 

13 

Hot  Water 

14 

Steam 

15 

Hot  Water 

16 

Hot  Water 

17 

Sleam 

18 

Steam 

19 

Steam 

20 

Steam 

21 

Sleam 

22 

Sleam 

23 

Hot  Water 

24 

Sleam 

25 

Steam 

26 

Steam 

27 

Steam 

28 

Hut  Water 

■'•^ 

Stvam 

.iO 

S  It-am 

.i' 

Steam 

J2 

Steam 
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Steam 

Steam 

Steam 

Hot  Water 

Steam 

Steam 

Steam 

40  Steam 

41  Hot  Water 

42  Hot  Water 


33 
34 
35 
36 

37 
38 
39 


43 
44 
45 
46 

4? 
48 


Steam 
Hot  Water 
Hot  Water 
Steam 
Si  earn 
Steam 


49  Steam 

50  Steam 

51  Steam 

52  Steam 


light  plant.    Our  entire  steam  heating  has  cost  us 

about  $z5,CKXX 
30  per  cent. 

Heating  plant  25  per  cent,  electric  plant  75  per  cent. 
About  one- sixth. 
12  per  cent  of  total. 
25  per  cent. 
Not  given. 

One  to  four  or  20  per  cent. 
2  per  cent. 
Not  given. 

Income  from  heat  $7,000  yearly. 
Income  from  light  $12,000  yearly. 
Electric  $45,000,  heating  $25,000. 
About  the  same  in  each. 
33  1-3  per  cent. 
About  20  per  cent. 
We  do  not  do  electric  lighting. 
Gross  investment  in  heating  plant  is  51.5  per  cent 

of  gross  investment  in  electrical  plant. 
About  14  per  cent. 
About  one-fifth. 
6  per  cent. 
Our  gross  investment  in  heating  plant  is  16.8  per  cent 

of  our  gross  investment  in  electric  light  and  power 

plant,  including  electric  distributing  system. 


Question  3. 

What  relation  does  your  gross  heating  income  bear  to  your  gross 
electrical  income? 


1 

Hot  Water 

25  per  cent. 

2 

Hot  Water 

IS  per  cent. 

3 

Steam 

14,5  per  cent. 

4 

Hot  Water 

50  per  cent. 

5 

Steam 

20  per  cent. 

6 

Steam 

22  per  cent. 

7 

Steam 

Not  given. 

8 

Steam 

Not  given. 

9 

Hot  Water 

130  per  cent  or 

six-tenths  of  total. 

10 

Hot  Water 

5  per  cent 

11 

Hot  Water 

Not  given. 

12 

Steam 

IS  per  cent. 

'3 

Hot  Water 

15  per  cent. 

14 

Steam 

5  per  cent. 

15 

Hot  Water 

17  per  cent. 

16 

Hot  Water 

40  per  cent. 

17 

Steam 

6  per  cent. 
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18 

Steam 

19 

Steam 

30 

Steam 

21 

Steam 

33 

Steam 

33 

Hot  Water 

24 

Steam 

25 

Steam 

36 

Steam 

27 

Steam 

28 

Hot  Water 

29 

Steam 

30 

Steam 

3' 

Steam 

32 

Steam 

33 

Steam 

34 

Steam 

35 

Steam 

36 

Hot  Water 

37 

Sleam 

38 

Steam 

39 

Sleam 

40 

Si  earn 

41 

Hot  Water 

42 

Hot  Water 

43 

Steam 

44 

Hot  Water 

45 

Hot  Water 

46 

Steam 

47 

Steam 

48 

Steam 

49 

Steam 

SO 

Steam 

Sr 

Sicam 

52 

Sleam 

18  per  cent. 
Not  given. 

19  per  cent  or  16  per  cent  gross  investment. 
Not  given. 

Not  given. 

100  per  cent  or  one-half  total. 

Not  given. 

25  per  cent. 

Not  given. 

14.3  per  cent. 

IS  per  cent. 

One-fourth. 

Gross   heating  income   is   a  little   over  8  per  cent   of 

gross  electrical  income. 
24  per  cent. 
Not  given. 

327f  per  cent  for  February.  1904. 
Gross   heating   income  33.5  per  cent;  gross  electric 

income   66.5   per   cent   for    1903. 
About   one- third. 
Onc-lwentieth, 

20  per   cent. 
Not  given. 

At   present   one   to   five   and   one-half. 

2  per  cent  plus, 

20  per  cent  more  for  light  than  heating. 

Income   from   heal.  $?.ooo;   lighl,   $12,000   (yearly). 

Electric  light  earninga  about  $T8.0oa 

Heating  earnings  about  $3,000. 

One-half. 

One-eighth. 

Not  given.  ■  / 

Not  given. 

Gross  heating  income  is  30  per  cent  of  gross  electric 

income, 
Aboul  Tl^j  per  cent. 

Income  of  beat  is  about  one-twelfth  of  electric. 
October,    T903.   to   February,    1904.   inclusive,  40  per 

cent. 
Our  gross  healing  is  7.76  per  cent  of  our  gross  elec- 

irical  income  for  lighting  and  power,  not  including 

income  from  hydraulic  elevator  service. 


QVESTION    4. 

What    relation   doe=   your   gros-   heating   income  bear  to  your   fuel 
liill  for  all  purposes  (a)  for  the  heating  season,  (fr)  for  the  entire  year? 

I       Hoi  Water     (ol  75  per  cent,   (!•)   $7H  per  cent. 
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■  z 

Hot  Water 

3 

Steam 

4 

Hot  Water 

5 

Steam 

6 

Steam 

7 

Steam 

a 

Steam 

9 

Hot  Water 

to 

Hot  Water 

ti 

Hot  Water 

12 

Steam 

13 

Hot  Water 

M 

Steam 

IS 

Hot  Water 

i6 

Hot  Water 

17 

Steam 

iS 

Steam 

ig 

Steam 

20 

Steam 

21 

Steam 

22 

Steam 

■ij 

Hot  Water 

-24 

Steam 

JS 

Steam 

26 

Steam 

■^7 

Steam 

28 

Hot  Water 

29 

Steam 

.to      Steam 


yi      Steam 
32      Steam 


33  Steam 

34  Steam 

35  Steam 

36  Hot  Water 

37  Steam 


(a)  80  per  cent,  (b)  55  per  cent. 

Heat  gross  earnings  pay  all  fuel  and  labor  and  leave 

some  net. 
(a)    Not   given,    (6)    100  per   cent. 
<a)  80  per  cent,  (6)  55  per  cent. 
(a)  80  per  cent,  (6)  67  per  cent 
Not  given. 
Not  given. 

Income  from  heat  will  pay  for  all  fuel  used, 
(a)  SO  per  cent,   (&)  25  per  cent. 
Not  given. 

(a)  65  per  cent,  (fr)  40  per  cent. 
Heat  revenue  is  in  excess  of  entire  amoimt  of  fuel  bill, 
25   per  cent,    including   fuel   used   for   street   railway, 
(a)  120  per  cent,  (b\  65  per  cent. 
Income  from  heat  will  pay  fuel  and  labor  expense. 
Not  given. 

(a)  More  than  100  per  cent,  (6)  66  2-3  per  cent. 
Not  given. 

(o)  125  per  cent,  (6)  90  per  cent. 
Not  given. 
Not  given. 

70  per  cent  of  the  fuel  goes  to  the  heating  system, 
(0)  Not  given,  (fc)  31J4  per  cent. 
(a)   During  heating  season  the  heat  plant  consumes 

about  60  per  cent  of  our  fuel. 
Not  given. 

(a)  100  per  cent,  (fe)  68  per  cent 
(o)  70  per  cent,  (fc)  50  per  cenL 
(a)  Gross  heating  income,  $35,000;  (b)  $35.(xx). 
Fuel  bill  $40,000  $55,000. 

(o)  Our  gross  heating  income  is  about  two-thirds  of 

our  fuel  bill  for  the  heating  season,  and  (b)  about 

onc'ihird  of  the  fuel  bill  for  the  entire  year. 
About  equals  coal  bill  for  season  of  eight  months. 
We  depend  almost  entirely  on  our  exhaust  steam. 

Occasionally  in  extreme  cold  weather  we  put  in 

some  live  steam  during  the  night  and  early  morning 

when  we  have  the  smallest  use  for  power. 
It  more  than  equals  coal  bill  during  heating  season. 

but  not  entire  year. 
The  gross  heating  income  exceeded  the  fuel  bill  for 

entire  year  of  1902  by  30  per  cent. 
Fuel  bill   about  $25,000.  heat  income  about  $23,000. 
(a)   Heating  income  SO  per  cent  of  cost  of  fuel.   (6) 

heating  income  33  1-3  per  cent  of  cost  of  fuel. 
(a)  Equal  in  heating  season,  (&)  five-sevenths. 
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Not  given, 

(a)  About  as  2a  to  16,  (I>)  about  equaL 

(o)    I  per  cent.   (6)   six-tenths  per  cent. 

Fuel  bill  for  entire  year  about  equal  to  gross  income 
for  heating. 

$11,000  fuel  bill  for  year.  $7,000  heat  income  for  year. 

Gross  heating  income.  $j.ODO;  coal  bill  for  year.  $3.- 
600.  We  have  spent  about  $50  per  month  for  coal 
over  and  above  the  earnings  from  heating,  so  you 
see  we  have  gone  in  a  hole  with  our  heating  this 
winter,  comparing  the  coal  bills  for  last  winter  for 
lighting  before  we  maUe  the  extension  for  heat. 

(a)  Fuel  bill  two-thirds  of  heating  income,  (b)  heat- 
ing income  about  covers  fuel  bill  for  entire  year. 

(a)  One-half,  (6)  one-eighth. 

The  sales  of  steam  heat  for  October,  November,  De- 
cember, January  .nnd  February  of  this  season 
amounted  10  $4,155,74.  We  figure  that  for  this 
period  $t,ooo  uorlh  of  additional  coal  was  used 
for  the  heating  system.  This  statement  is  reason- 
ably accurate,  as  we  employ  the  average  production 
of  electric  watts  per  pound  of  coal  previous  to  the 
healing  season  for  [he  production  during  the  heat- 
ing season.  All  additional  coal  used  is  charged  to 
steam  heat.  If  anything,  this  rule  is  unfair  to  the 
steam  heat,  as  the  efficiency  of  the  plant  is  better 
during  the  lime  of  highest  production. 

Not  given, 

(a)  The  gross  heating  income  is  102  per  cent  of  the 
fuel  bill  for  the  heating  season;  (6)  84  per  cent 
for  the  entire  year. 

(a)  About  45  per  cent,  (b)  about  24  per  cent 

Coal  for  the  year  TQ02.  $9,15.1,  for  all  purposes.  In- 
come from  heat.  $,!.,114,  Owing  to  advance  in  coal 
for  190,1  OHr  coal  account  was  $13,100  for  all  pur- 
poses during  that  year, 

October,  igo.i,  to  February,  TQ04.  inclusive,  45  per 
cent. 

Our  gro'.s  heating  income  is  70,2  per  cent  of  our 
fuel  bill  fiir  all  purposes  at  the  stations  from  which 
we  supply  siMni  beat  for  the  heating  season,  and 
597  I>''r  fcni  for  the  entire  year. 

QfESTCON    5. 

What  per  cent  of  grn^-;  healing  income  do  you  charge  to  Operating 


Steam 
Steam 


Steam 
Steam 


Steam 
Steam 


expense  ? 

I       Hot  Water 


IS  per  cent. 
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Carry  all  expense  together. 

Not  given. 

Not  given. 

Not  given. 

10  per  cent. 

Not  given. 

Not  given. 

Not  given. 

All  of  it.  We  believe  that  we  do  not  make  a  profit 
on  our  heating  business,  on  account  of  too  much 
live  steam  used.  We  operate  largely  with  water- 
power. 

Not  given. 

Our  operating  expenses  thus  far  do  not  amount  to 
anything  except  extra  coal  used  for  live  steam, 
and  also  meter  inspection,  but  in  order  to  cover 
depreciation,  interest  and  repairs  it  will  take  the 
entire  gross  receipts. 

SO  per  cent. 

17.94  pc  <^^tit- 

We  keep  a  detail  of  our  operating  expenses  and 
therefore  do  not  estimate  heating  separately. 

Carry  general  expense  account. 

6  per  cent. 

33  1-3  per  cent  (about). 

Not  given. 

so  per  cent. 

We  can  not  answer  this  question  correctly. 

Not  given. 

50  per  cent. 

Have  no  permanent  system. 

We  operate  three  plants — electric  light,  waler-works 
and  heat — in  one  building  and  under  one  roof,  AM 
are  operated  by  the  same  set  of  men,  but  we  esti- 
mate about  one -fourth  of  operating  expense  at 
plant  as  chargeable  to  heat. 

10  per  cent. 

30  per  cent. 

Not  given. 

Heating  business  is  handled  as  electric-light  earnings. 

About  45  per  cent. 

None  except   labor  of  cleaning  traps  and  inspection. 

25  per  cent. 

None  except  actual  expense  in  maintaining  steam 
mains,  meters  and  traps. 

The  per  cent  of  gross  heating  income  charged  to 
operating  expense  was  65  per  cent  for  1902. 
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S-it  (ttven. 

a::, 

A'  ;.rt,-er:  :r-:n  ^o  ptr  cen;  :>  f»  ptr  cent. 

X.  ;  a:!}-. 

A;..-j:  6o  p;r  cenL 

\  /:  giien 

(Jiie-".:'>r.  r.'.:  clear. 

N..  -hfir.:-   :i;a. 

,\..:  b;vc:'.. 

A!..ut  j;  ;.vr  c.rt. 

Oi«.-r4;;rE  -x;ivn-v,  e\c'u-ive  >ii  :n;cre-t  and  dtprtcia- 
;:'rr..  :-  .Sn  ;r.T  ccf.:  .■:'  6C0--  hea::ni(  income 

We  crt'Ji:  ■■[«.T^::nB  t-xptn-c  nitii  en::re  -!e-ani-hea:tne 
inc'  n:e.  -jircriiiinj;  ihc  rtceip".-  'iver  ihe  i<:ven  hear- 
ir.E  :r.-.n:;.-.  N'  ■  riiM:::  "pTja!  JaMr  ■<  rcnuired  in  our 
li-'llci  r-.i;:,  an'J  :ht  ex;ra  c.iai  rcijuircil  ii>  main- 
<:i-r.  ;— .-.-.VHE  pre'-iire  'luring  hiur';  .M'  light  eleciric 
I-iT'l   !-   -.-^i.-.rctil   :■■   ;;;e   r^perating   expense   of    nur 

I'-e   .me-lia'f  live   -leam.   iialanci-  exhaust.     One-haif 

■it  .  .117  Kfi  ■■-  reCei[i\- 
Oci'pt'er.    i<)0.i,   ir-j    Fel.ruary,    1004.    inclusive,   40    per 

ctnl. 
We  malie  n-j  il;v;-iun  ot  tlii.-  kind. 


Of  what  value,  if  any,  liaw  yon  fiunii  ',he  Iieaiing  hu?ineM  in  the 
•■ociirinK  '•{  new  li(tht  an<l  j.'nur  !m-:ne--:  ri!-i  ;n  rftaining  j'our  light 
?ni!  (Kiwer  cu'-lomer-r 

;       Hf.i   Water     Of    (jrcat    vsluo    in    rciaininp    nur    liglil    and    power 
oii-lfpnur-.  a-  v.c  have  C'lmiieli'iU.'!!. 
Si'<-  n'l  ihlTiTtnce 
Thir  [ilani  iia-  ]jiit   in  lo  hcail  i>ff  competition  and   to 

fcirlif)  'lur  [i'>-i(iiin. 
N.,ti.-. 
K.-ln-e   ;.-!   iiiriiMi   heal   unk*--   we  get   the   light   and 

|«.\MT     (ill-itlL-.- 

N'lit    given. 

\f>  \  nine  \cT 

V-ry    -liglK   M'l 

II  lia-  -iLiinil  u-  cii-l.'nicri  f.T  light  we  never  could 
Kit  'rlln TW  :-i 
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Thus  far  we  have  not  found  it  of  much  value  in 
obtaining  new  business. 

None  whatever. 

Not  in  use  long  enough  to  determine. 

No  value.     We  control  tight,  gas  and  railway. 

Not  given. 

None. 

We  have  found  our  healing  system  of  considerable 
value  in  securing  new  iight  and  power  business, 
and  of  still  greater  value  in  retaining  old  light  and 
power  customers. 

Of  no  considerable  value. 

Of  value  in  securing  light  and  power  business  in 
large   buildings. 

We  think  the  main  value  of  steam-healing  plant  lies 
in  the  fact  that  we  are  enabled  to  keep  out  isolated 
plants,  with  but  few  exceptions. 

Not  given. 

Heat  and  light,  also  power,  in  good  demand. 

None  so  far. 

None. 

Not  given. 

This  advantage  has  enabled  us  to  shut  down  all  iso- 
lated plants  in  our  city. 

Town  loo  small  for  any  possibility  of  isolated  plants. 

Not  a  great  deal.  Bulk  of  lighting  business  is  small 
business:  large  not  desirable. 

Secures  customers  who  would  otherwise  install  iso- 
lated plants,  such  as  oSice  buildings,  large  depart- 
ment stores,  etc.,  where  boilers  would  be  in.stalled 
for  heating  apparatus  and  the  same  boilers  be  used 
for  making  steam  for  the  operation  of  isolated 
plants. 

None, 

Not  given. 

Quite  a  help. 

We  consider  the  heating  business  a  very  good  mean : 
of  retaining  and  getting  new  power  and  light  cus- 
tomers. 

Help  a  little. 

Has  not  been  of  any  value. 

Of  some  value,  but  unable  to  estimate. 

Not  given. 

We  have  not  noticed  any  connection  or  relation,  one 
with  the  other. 

Not  any. 

>Iot  any. 
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^^^^^^^^^H 

^^^H 

Hot  Water 

But  very  little.                                                               ^^H 

^^^^B 

Sieani 

Wc  have  iouiid  it  soinc  value.                                             ^^^B 

^^^^1 

Hot  WatM 

We  have  no  opponition.  therefore  this  Atx*  not  apply. 

^^^H 

Hoi  Water 

Coii^timcri  equipped  (or  heaiinic  are  intcrcitcd  in  the 
lucccssfvil   operallon  and  mninlrnaitce  of  plant,   in- 
asmucli  as  they  have  iKindreilii  of  dollars  in'VMed 

^^^^^H 

* 

and  arc  at  ilic  mercy  of  heating  company. 

^^^H 

Steam 

The  hcaiicijt  system  is  of  value  for  retaining  light  aiw) 
power  Imiinext. 

^^^H 

Sicatn 

Not  given. 

^^H 

Steam 

Wc  have  secured  and  retained  several  larg«  buildings 
for  light  and  power,  which  we  would  not  {ntherwiie 
have  done. 

^^^^H 

Steam 

It  is  open  10  debate  whether  the  healing  q-Mera  liu 
bren  of  value  in  obtaininB  new  euMomers.  We  have 
fell  obliged  to  take  on  new  d.iy  euiiomcn  at  ex- 
tremely low  rates  in  order  10  biiiM  ui>  uiir  day  lodd. 
»D  that  we  might  have  >ufiicient  cxhausl  *(eam  to 
avoid   the    use  of  live  vfaiti,     We  have  not   yet 
reached  the  point  where  our  day  load  i*  iiiAcient,       ^^ 
while  al  night  we  lisrc  n  surphit  oE  exhauit.                 ^^^| 

^^^^L 

Sleain 

^^^H 

^^^H 

Steam 

Not                                                                                         ^^^1 

Sieam 

Tile  beating  ImsineM  is  undoubtedly  of  great  value  in        ^^^| 
securing  new  ligliiing  and  power  buiineu,  and   in               ^M 
retaining  light  and  power  ciisl»nrrr<  where  the  buti-               ^M 
ne«s  is  large  enough  la  make  il   (ea.iiblc  la  figure               ^M 
on  pullinK   iti  an  isolated  plant  or  where  the  biiw-                ^M 
ne»  it  favorable  for  inMalimg  block  planlv     Thi»               ^M 
Is  sliown  by  the  (net  that  there  is  not  1  tingle  plant              ^M 
of  Ibij.  kiiid  in  our  heating  district.                               ^^^M 

QtTEsnoM  7.                                                         ^^^1 

^^^H| 

How  do  yoii 

charge  for  heat:    flat  rate,  cubic  feet  of  «pscc  heated.             ^M 

^^^^^^             square  itei  of  r.-iilintnr  service,  or  tndn'?    From  your  txperiitaet,  which              ^M 

^^^B                   •yileiK  do  )uii  tliitik  best?    Why?                                                                              ^^ 

^^^M 

Hot  Water 

Square  feet  radialinn  service.                                                     ^^^| 

^^H 

Hot  Water 

Square  (eel  nidiation  service.                                               ^^^| 

^^H 

St  (dm 

Giargr  by  meter.    Would  not  consider  any  flat  rste             ^H 
system  as  a  safe  and  equitable  way  to  charge.                        ^M 

^^B 

Hot  Waicr 

30  cents  per  font  of  radiation.                                                   ^M 

^^H 

Sieatn 

$3.00  lo  $.150  per    1000  cubic  fret  of  space  heated:             ^M 
condrntalion    meter.    Jj    cents    per    tOOO   pounds:               ^M 
meter  the  only  way.  no  heat  wasted  in  this  manner             ^M 
of  charging                                                                               ^M 

^^B 

Steam 

By  meter  and  ciibk  space  heated      Moral  effect  of             ^M 
meter  good,  and  beit  financially  lor  us  in  severe       ^^^t 
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w-inier  weather  Mild  winter,  flat  rate»  bring  bciier 
return  L 

Charge  by  nieter.    Rate,  6o  ccnit  per  looo  poundt. 

Meter  ty^leni.  We  think  ihi^  mcihod  of  diarjcing 
l>C!il,  because  cu^loincr  payt  fur  what  he  utct 

IS  centK  per  loot  radiation. 

Wc  chatite  a  Hat  rale  of  as  cetiti  per  square  foot  of 
r»liuIor  service  for  healing  *cason.  W«  find  it  not 
saiisfactory  unless  wc  obUe«  people  to  put  in  the 
full  ainaunt  of  radiation  rrc|iiirr(l. 

Flat  rate  15  ccnii  [wr  ^iguare  foot  of  radiation. 

Wc  charge  by  nirlct  only,  which  we  lliiiik  will  be  the 
inuat  taiiifaciory  byitcni  of  charging,  on  account  of 
cuitomcn^  being  very  ranch  more  ccoiioniical  when 
charged  in  thii  way. 

Wc  charge  for  (he  healing  according  to  the  amount 
o(  heat  required  to  heal  the  pri-niiie*  properly:  thi» 
being  determined  by  the  cubical  conlenu.  glasn  sur- 
face and  cxpurcd  wall  surface.  Wc  charge  Ihi* 
araoiini  regardlcM  of  the  amount  of  radiation  in- 
Matled.  They  can  insial]  more  or  Xta.  at  they 
lee  fit. 

PrinciiMiily  flat  rate,  based  on  square  fc«  of  radia- 
tion ;  have  few  meters  also,  TTiink  flat  rate  better 
on  account  of  moderate  climate. 

Square  feet  of  radiation,  bated  on  the  amount  that 
nhuuld  be  uicd  wheilif'r  it  is  set  or  not. 

Flat  rate  I?  cent*  per  >(|uarc  foot  radiation,  October 
I  to  May  I.    Extra  charge  for  longer  season. 

Flat  rate. 

Up  10  this  time  we  hare  cliarged  for  heat  entirely  on 
meter  batii,  our  rates  being  $1.50  for  the  firit  4!X» 
pounds  of  condensation  in  a  mnnlh  and  50  cenif 
for  each  1000  pounds  in  excess  of  jooo  pounds,  both 
amcunis  being  subject  to  a  discount  of  ro  per  cent 
if  paid  at  out  office  on  or  before  the  tenth  day  of 
the  month.  We  are  UF^ing  the  ordinary  condensa- 
tion meter  manufactured  and  sold  by  the  .American 
District  Steam  Company.  Wc  have  had  comidcr- 
able  difficulty  with  tbe^e  meters,  as  ihey  clog  up 
and  are  very  easily  rendered  inaccurate.  They  rc- 
(juire  very  frequent  inspection  and  cleaning,  tn  con- 
sequence. Wt  have  very  recently  provided  also  a 
schedule  of  flat  rates.  Coniidering  the  inaccuracy  of 
meters  and  care  reiiwired  10  keep  them  in  order,  our 
former  opinionn  reipecting  the  advisahiliiy  of  sell- 
ing steam  only   on  >  meter  basis   are  soniewhai 
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modilicd  by  experience.  The  ordinary  Uolatcd 
>Tcain -lieu Ting  planl  a>  installed  by  the  averaged 
plumber  in  this  coimnittnity.  ii  not  desifned  with 
reference  to  lit|[h  efficiency  in  opcraiioo,  and  no 
tiniform  practice  with  respect  10  iir.ti  of  niaint  and 
Tijtcrt.  amount  of  radiation  in  proportion  lo  cubicjil 
contents,  reduction  of  expoiitrcs  to  a  ildinite  for- 
mula. ntitainK.  therefore,  meter  bills  (or  diflereol 
TOD»uincrs  vary  materially,  producing  considerable 
friction  and  discoment  in  the  mindt  of  the  co«> 
lumcrs.  rendering  it  difficult  10  secure  buMness  at 
an  cMalilished  meter  rale.  We  have  jiut  a<lopte<I 
an  upliontil  llal  rate,  a*  follows :  Far  direct  radra- 
lion  in  hiisiiieM  buildings  with  eeonomiiing  coi1», 
3a  cent*  per  square  foot  of  radimion:  (or  direct 
radiation  in  butinest  buildings  wiihotil  ecooomiiing 
coilt.  also  indirect  radiation  in  bufiinets  buildingi 
with  economizing  coils,  alw  direct  radiation  in 
dwellings  with  ecanoraiiing  coiU,  35  cents  per 
tquare  foot  of  radiation.  For  indirect  niliation  in 
business  buildings  without  cconomixing  cnilt.  also 
direct  radiation  111  dwellings  without  cconomning 
coils,  also  indirect  radiaiinn  in  dwellings  with 
economi/ing  coils.  40  cents  per  tquare  foot  of  radia- 
tion. I-'or  indirect  radiation  in  dwellings  without 
economiftiiK  coils.  4$  cents  per  iquare  foot  of  rSdU* 
tion.  For  rconomixinK  coils.  10  cents  per  square 
foot  of  radiation.  From  each  uf  the  ahove  a  dit- 
rount  of  5  cents  per  square  foot  will  be  made  for 
prompt  payment.  It  is  optional  with  the  eoniiimer 
10  crxitiaci  on  the  meter  basis  or  flat  rate  basis,  at 
he  prefers. 

By  <quarc  foot  of  radiation  for  hot  water.  We  pre- 
fer the  meter  for  l)ie  diilrict  steam  syilem, 

35  c<^ls  per  square  foot  radiation  for  maximuai 
charge :  large  contracts  less  rate. 

We  charge  for  heat  si  a  meter  rate  varying  from  30 
to  40  cents  per  looo  pounds  of  water  condenwd 
from  stcani.  after  same  has  pn«<ied  through  the  con- 
densation coils,  and  find  that  this  method  of  charg- 
ing is  entirely  satisfactory  from  the  ituidpoint  of 
both  the  company  and  the  consumer. 

We  charge  by  cimdensaiion  meter  only. 

30  cents  per  square  foot  of  radiation. 

Meter  when  we  can.  50  cent*  per  1000  pound*  water 
condensed-  Flat  rate  $.ix)o  per  locm  cubic  feet,  in 
the  mercantile  district  only. 


n 

1 

^^B^   4u        ^^^^^^^^^^^^^H 

«iHPijnt      vnrai 

^^^^1 

a 

Siuni 

We  are  using  meters,  Tmt  they  are  not  talUfaclory:  ^^^H 
lliiak  we  sliall   try  »qu»rc  fc«t  of  radimion  next                  ^^^H 

z6 

Si  cum 

Cubic  feet  of  space  heated                                                              ^^^H 

37 

Steam 

Flat  on  fadiaiof.  alto  meter.  By  all  mcaiu,  put  all  ^^^H 
ciutomerv  on  meter.                                                                     ^^^H 

j8 

Hot  Water 

i7'/i  e*mt  per  Mjuare  foot  radiation;  hot-water  plant.  ^^^H 
Cubic-foot  ba.iii  iooliih.                                                              ^^^H 

20 

Steam 

Cubic  feet  of  ipitt  heated.     Flat  rate  bett.                                   ^^^H 

JO 

Steam 

Our  ratcx  vary  from  21  ccnii  to  sfi  cents,  net.  per  ^^^| 
»4uare  fool  of  radiation  per  ieaton.  We  have  only  •  ^^^| 
a  few  meter  cuitomers,  and  are  eiideavorins  lo  get  ^^H 
all  cusionieri  on  a  flat  rate.  >i  we  have  not  been  ^^^| 
able  to  secure  a  meter  that  will  give  satisfactory  ^^^| 
reiull*  in  regiitering  the  condensation.                                          ^^H 

JI 

Sicun 

We  cliarge  for  cubic  feet  of  space.                                                    ^^H 

J* 

Steam 

We  charge  ,\a  cents  per  loo  cubic  feet  for  tpace  heated  ^^^H 
for  the  entire  year.  VVe  find  we  have  to  fnrni^h  ^^^| 
heat  (or  eight  munthi.                                                                                   ^M 

is 

Steam 

By  all  tncans  adopt  meter  system.                                                          H 

M 

Steam 

We  charge  (or  the  iquare  foot  of  radialinf  surface  H 
and  also  by  meter.  We  consider  the  meter  be«t  H 
method  of  makins  proper  charge.  In  our  experi-  H 
cncc.  however,  the  o|>cratton  of  meiert  lia*  not  H 
proven  especially  taiiifactory.  owing  to  the  fact  ^M 
that  their  conlinuons  operation  can  not  be  depended  H 
tipon.  We  expect  that  improvementt  will  be  made  ^M 
in  these  in  a  short  limc.  when  ihii  ditticulty  will  be  ^M 
partially,  if  not  camplciely.  overcome-                                                 ^M 

JS 

"Steam 

S.I. 00  and  Sj.SO  per  tOOO  cubic  feet  of  jpace  heated.                                    ^M 

JS 

Hot  Water 

Charge  per  *quare  foot  of  radiating  surface  for  seaion.  H 
This  system  is  saiisfaeiory  if  we  insist  on  ens-  H 
toraer*  installing  enough  radiation.                                                    H 

.17 

Steam 

Square  foot  of  radiator  serviee  and  by  meter.  Meters  H 
on  large  cu«tomcrt,  flat  rate  for  »mall.                                              ^M 

^ 

Steam 

it.7i  and  $.1.00  per  lliat»and  cubic  feet.                                                       ^M 

» 

Steam 

Our  present  praelire  is  flat  rate  for  siiuare  foot  radi-  H 
ator  service,  hot  we  expect  to  work  into  meier  rate  H 
as  soon  as  pos^sjble.  as  we  think  ihii  system  is  the  ■ 
beit.  being  nuMt  economical  and  equitable.                                        H 

■w 

Steam 

Square  feel  of  radifilion.  No  other  system  of  chafg-  ■ 
ing  would  be  practicable  without  the  services  of  an  fl 
experi  on  healing.                                                                             ^^B 

41 

Hot  Water 

Cubic  feet  of  space.  I  beliei'e  meters  would  be  the  ^^^^ 
best.  It  would  undoubtedly  keep  the  doors  and  ^^H 
windows  shut.                                                                                      ^M 

^^_ 

Hot  Water 

30  cents  per  square  foot  radiation  !or  the  season,  but  ^M 
shall  advance  it  to  35  cent«  coming  season.                                       ^M 

4S4 


43  Steam 

44  Hoi  Water 

45  tlol  Water 

46  St  cam 


47      Steam 


48      Sltam 


49      Steam 


5a      Steam 

St      Sttam 
51     SicBm 


Cubic  feet  of  »pace  hcaifd.    I  iJiink  mclcr  tar  the  bc»t. 

Square  feet  of  railiattoii  required  to  hvac  buildint:. 

Flat  talc  square  fool  ot  radiator  service.  At  p«e*au 
we  liavc  no  meter  (or  hot  water. 

Mcicr  mcaiiuc  only.  Thi>  I  coniider  the  only  ntU* 
factory  way  in  the  long  run  to  ael)  aiiyihinc.  tliciigli 
the  meters  supplieil  for  such  purpotct  are  no!  Htiv 
factory  ir»iniiiici)ti.  The  cuinpany  making  tlictn 
has  vciy  ptxirly  iligcstcd  the  conditioii»  of  lue.  antl 
couJd  liave  avoided  many  defects.  Th«(c  defect' 
remedied,  the  meter  atighi  to  be  fairly  reliable. 

Cubic  feet  of  space  heated,  also  by  meter.  Rate 
chsriird  per  thou»aiid  cubic  feet  tor  heating  it  a* 
high  a;<  31^.00  for  frame  houtcs.  exposed  uti  all 
sides,  and  nuininMi  down  to  $4.50  per  thousand 
cubic  feel  for  itorcs  ih.it  arc  only  expoMd  front 
arid  rear.  The>i:  taim  buildings  must  have  a  iroall 
g1a*i>  exposure  nt  each  rnd. 

By  meter.  Wc  think  nicirr  lyitrm  the  bcit  mcihiid 
ot  veiling  steam  heat.  b«.iu*c  the  company  liat 
practically  no  couttul  over  llic  Mcam  used  by  cus- 
tomer, and  without  tnctcn  the  waiilc  would  tic  ex- 
cesaivc^ 

During  the  present  teason  we  have  based  our  chirsts 
on  llic  number  of  square  feet  of  radiating  surface 
in  utc  {inclnding  uncovered  pipirg).  making  Aal 
rates  for  tlic  hcaliiiK  hrasun.  About  two  year?  ago 
we  were  induced  to  intTnll  meters  at  a  coosidcrable 
expense,  with  the  miderilundiiifi  thai  wc  could 
(uccensfully  charge  for  service  according  to  the 
amount  of  water  condeiiicd,  Tlie  meter*  failed 
rignally.  and  wc  were  obliged  to  rrturn  to  a  Aat- 
rate  system.  The  first  initall.iiion  of  mcicrt  proved 
luisatiifactory.  and  had  to  be  changed  at  oar  ex- 
fcait.  rcijuiring  da.<ih  pott  to  obiiate  the  noite 
occasioned  by  discharge.  I'hc  new  meters  failed  to 
record  with  sufficient  accuracy,  and  have  licen  en* 
tircty  abandoned.  Wc  arc  advised,  howei'cr,  by  the 
American  District  Steam  Company  that  it  U  only 
neceiiiary  to  install  suitably  proportioned  economiz- 
ing ci>iU  to  make  these  meters  operate  laccestfully. 

Klac  tale.  Would  suggest  meter.  Charge  so  much 
|xr  i{>oo  pounds  of  condensed  water. 

Flat  rate,  cubic-toot  space,  and  meter. 

Our  regular  rate  of  diarfe  tor  hc.ii  is  50  ceiit<  per 
teason  per  sfiuarc  foot  of  radiation  for  tl)c  ItrsI 
1.000  fquarc  feci.  45  ccnlt   for  the  second   1,000 
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and  40  cents  for  all  in  excess  of  3.000  square  feet 
(or  radiators  and  uncovered  pipe,  and  30  cents  per 
season  per  square  foot  o£  radiating  surface  in  econo- 
mizing coils.  We  have  had  a  dozen  meters  installed 
for  tlie  last  few  montlis,  for  getting  information. 
We  lind  from  this  that  our  regular  rate  brings  us 
in,  on  the  average,  less  than  30  cents  per  thousand 
pounds  of  water  condensed.  We  have  therefore 
concluded  that  as  a  rule  the  meter  system  Is  the 
best  system  of  charging,  because  it  is  conducive 
to  economy  on  the  part  of  the  customer,  and  if 
fixed  at  the  proper  amount  should  make  a  saving 
to  both   the  company  and  the  consumer. 

Question  S. 
Do  you  use  regulators  in  connection  with  your  meter? 

Yes,  Powers'  Kegulators. 

Yes. 

No. 

No. 

No. 

No. 

No. 

No. 

Would  not  heat  without  regulators. 

No. 

Use  no  meters,  but  use  thermostats  and  regulators. 

We  advise  regulators  or  reducing  valves  on  all  service 
pipes.  We  find  this  imperative  where  first-class 
service  is  desired.  All  systems  of  controlling  steam 
from  street  supply  arc  worthless  without  a  good 
reducing  valve. 
Hot  Water*  We  insist  on  all  customers  using  Powers'  Regulators. 

No. 

Do  not  use  meters  Or  regulators. 

Yes.     Powers'  Regulators. 

No. 

We  do  not  use  regulators. 

Not  given. 

No  meters  or  regulators. 

We  operate  the  stcam-heating  system  from  exhaust 
steam  exclusively  and  measure  the  water  of  con- 
densation by  the  u,=c  of  the  simplex  condensation 
meter,  manufactured  by  the  American  District 
Steam  Company,  of  L.ockport,  N,  Y..  and  do  not 
use  pressure  regulators  in  any  installation. 

We  have  never  heard  of  a  regulator  to  be  used  in 
connection  with  a  condenfation  meter. 


I 

Hot  Water 

3 

Hot  Water 

3 

Si  earn 

4 

Hot  Water 

5 

Steam 

6 

Si  cam 

7 

Steam 

8 

Steam 

9 

Hot  Water 

10 

Hot  Water 

II 

Hot  Water 

12 

Steam 

13 

Hot  Water" 

14 

Steam 

IS 

Hot  Water 

16 

Hot  Water 

17 

Steam 

18 

Steam 

'9 

Steam 

20 

Steam 

31 

Steam 

22      Steam 


45* 


j.l  Hot  Water 

24  Steam 

35  Sleam 

26  Steam 

27  Steam 

'     28  Hot  Water 

29  Steam 

30  Steam 


We  use  neither  regulators  nor  meters. 

No. 

Some  few  of  our  customers  have  regulators.  We  do 
not  furnish  any  or  require  them. 

Not   given. 

No,     Automatic  valves. 

Have  no  meters. 

No. 

W-e  do  not  use  any  device  for  regulating  the  con- 
densation hcfore  it  reaches  the  meters,  but  endeavor 
to  get  a  meter  of  sufficient  size  to  handle  any  volume 
of  water  that  might  come  from  the  system. 


.11 

Steam 

No. 

J^ 

Steam 

No. 

.1.1 

Steam 

No. 

it 

Steam 

No. 

35 

Steam 

No.    Only  a  few  meters. 

.16 

Hoi  Water 

No. 

37 

Steam 

No, 

.IR 

Steam 

Not   given. 

39 

Steam 

No, 

40 

Steam 

Not  givtn. 

41 

Hot  Water 

Use  regulators,  but  no  meters. 

42 

Hot  Water 

No  meters. 

43 

Steam 

No. 

44 

Hot  Waltr 

We  use  thermostats,  no  meters. 

45 

Hot  Water 

We  n;c  Powers'  Regulators. 

46 

Steam 

No. 

47 

Steam 

No. 

48 

Steam 

No. 

4iJ 

Steam 

No. 

so 

Steam 

Yes. 

SI 

Steam 

No. 

i^ 

Sieam 

Not  given. 

Question  9. 

W.'h.il  comparison  can  you  make  relative  to  the  cost  of  heating  from 
viHir  central  station  with  the  customer's  former  cost  for  fuel,  care  and 
inainten.mce  ? 

1  i!iit  Water    25   per   cent    less,   considering   care   and   maintenance 

;ind  vviar  ^nd  icar. 

2  Hot  Water     Only  cninp-iri-on   we  can   make  is   with  natural   gas, 

which    had    pr.ictically    no    cost.      Comparison    not 

•-alisf.iclory, 
,1       Steam  Wr   have  case''   where  our  steam  costs  2$  to  33  per 

ccni  li--<  ihiin  fuel  bill  alone  for  private  planl. 
4      ftot  Water    Abr)nt  equal. 
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5  Steam 

6  Steam 

?  Steam 

8  Steam 

9  Hot  Water 

10  Hot  Water 

11  Hot  Water 


12      Steam 


13  Hot  Water 

1 4  Steam 

15  Hot  Water 


i6      Hot  Water 
17      Steam 

■  8      Steam 


19  Steam 

20  Steam 

21  Steam 


aa      Steam 


About  the  saine. 

Cheaper  for  igD3-igCH;  lO  to  15  per  cent  higher  other 
years. 

Not  given. 

Not  given. 

Not  much  difference. 

Think  our  price  is  lomcwhat  lets  than  the  customer's 
former  cost,  everything  considered. 

Believe  we  furnish  heat  as  cheaply  as  our  customers 
couiJ  do  it  themselves,  if  they  furnished  the  same 
service  as  we. 

At  our  rate  of  40  cents  per  looo  pounds  of  water  con- 
densed in  the  heating  system  we  find  that  our  cus- 
tomers having  a  vapor  heating  system  or  a  Davis 
system  of  control,  are  heating  cheaper  from  the 
street  than  they  could  do  with  their  local  boilers 
with  anthracite  at  $6.59  per  ton,  gross. 

We  believe  that  the  cost  is  somewhat  higher  by  uiing 
our  system. 

Haven't  formed  a  comparison  yet 

About  the  same  as  customers'  former  cost  for  an- 
thracite coal,  without  taking  acnnut  of  care  mad 
maintenance. 

Onr  charge  for  heat  approximates  hard  coal  at  f&so 
per  ton. 

If  customers  operated  own  steam  plant  our  price  of 
$3.50  per  year  per  1000  cubic  feet  it  about  same 
cost.  Advantage  to  customer  is  in  not  having  to 
handle  coal  and  ashes ;  less  dirt  and  annoyance  1 
constant  heat. 

We  have  no  data  upon  which  to  make  a  comparison 
of  heating  from  onr  central  station'  with  the  cus- 
tomers' former  fuel  cost.  We  find  statements  made 
by  our  customers  on  this  point  to  be  unreliable. 

No  definite  information  at  hand. 

Owing  to  customers  tising  natural  gas  previously  no 
fair  comparison  can  be  made. 

The  consumers  save  but  little  in  purchasing  (team 
from  our  cmnpany  except  in  special  cases,  where 
we  have  to  make  a  low  rate  for  the  purpose  of 
keeping  out  isolated  plants  and  obtaining  prolilable 
rates  on  these  special  contracts  for  lifting  and 
power  purposes. 

As  we  are  heating  in  a  purely  residence  district  it  is 
impossible  to  figure  the  former  cost  for  care  and 
maintenance ;  onr  rates,  so  far  as  our  judgment 
and  observation  have  been  able  to  compare  them, 
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-  ^/^^^^^^M 

^^^^H 

nm  parallel    with  cost  of  coal  for  produdnK  an       ^^^H 

^^^^^B 

equal  antount  of  hcaL                                                          ^^^H 

^^^^H 

Hoi  W»er 

Co»t  of  uur  hcBi  about  the  same  as  fuel  co»t  to  ciu-        ^^^| 

^^^^H 

Slum 

Our  charge  about  ^5  per  cent  higher  than  cnttomer*'        ^^^H 
former                                                                                  ^^^H 

^^^H 

St«ain 

Some  claim  it  cost*  more,  other*  admit  it  coMx  much         ^^^H 

^^^^B 

Slcam 

From  to  to  2j  per  cent  higher.     Thi«  it  very  hard         ^^^H 

for  lis  to  Ke'l  at.  fnr  whi-n  cuMunicr^  use  our  heat         ^^^H 

they  heat  Itie  entire  building,  hut  when  ihej'  heat          ^^^H 

ihcmselvcs  with  coal  thejr  only  heai  the  apartments         ^^^H 

ii>e.                                                                        ^^^H 

^^^^1 

Steam 

Not  tiitc.  btit  iliink  we  do  It  about  lo  per  cent  In*  in         ^^^| 

^^^H 

Hot  Water 

Usually  eeniral-nlation  heat  cosit  more;                                 ^^^H 

^^^^H 

Hi  cam 

Difhculi  to  ihuw  cumpariKcM).                                                  ^^^H 

^^^^1 

Sicam 

The  basis  of  our  cliarne  for  hcatiriK  is  fixed  a*  nearly         ^^^H 
ai  pimibic  by  the  east  of  fuel  and  the  care  an<l         ^^^H 
mninienance  of  an  isolated  plant  thai  is  umhI  (or         ^^^H 
heating  jiurpotei  only.                                                          ^^^H 

^^^H 

Steam 

Some  larice  (-ontraci!i  pay  just  the  tame.    Smaller  one*         ^^^H 
about  10  per  cent  more  tlun  for  furnaces  or  private         ^^^H 

^^^^H 

Si  Mm 

Wc  find  that  our  rate  ju»t  about  equals  coit  of  coal         ^^^H 
fur  hcatinK  »atne  space.                                                       ^^^H 

^^^H 

Sttam  . 

flavc  made  no  comparinon.                                                      ^^^H 

^^^^m 

Steam 

This  depend*  on  whether  or  not  the  customer  n-mild         ^^^H 
be  rniuircd  to  rmptny  additional  labor  to  look  after         ^^^H 
his  own  hcatinK  apparatus,  ami  upon  the  sixe  of  the         ^^^H 
installation.     In  ordinary  caic«  the  service  can  be          ^^^H 
obtained  from  the  central  station  at  a  nominal  in-         ^^^H 
crease                                                                                    ^^^H 

^^^B 

Steun 

No  mure  cost,  and  they  prefer  It.                                          ^^^| 

^^^H 

f[oi  Water 

Think  onr  service  i*  poaiibly  to  per  cent  to  30  per         ^^^H 
ceni  cheaper.                                                                         ^^^H 

^^^H 

Steam 

Cotts  cunlonicr  less.                                                                ^^^| 

^^B 

Sl«am 

Not  fciven                                                                                 ^^^1 

^^^H 

St  ram 

f  leslinK  from  central  station  about  $n  per  cent  greater          ^^^| 
than  customers'  former  cost.  fuel.  etc.  and  yel  our          ^^^| 
price   for  healing  is   less   than   elsewhere  in    the         ^^^| 
country.                                                                                  ^^^H 

^^^H 

Steam 

About  IS  per  cent  lo  30  per  cent  cheaper.                              ^^^| 

^^^r 

Hot  Water 

For  Ihc  ume  amount  of  heat  and  f'>r  live  snnM'  length         ^^^H 
of  time.   I  believe  cenirat-tiniion  healing  it  c>iasi<l-           ^^^H 
ernblr  cheaper,  although  the  cost  of  ccniral- station           ^^^| 
healing  it  somewhat  higher  than  the  former  com         ^^^H 

of                                                                                           ^^M 
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42      Hot  Water 


43  Steam 

44  Hot  Water 

45  Hot  Water 

4*1  Steam 

47  Steam 

48  Steam 


41)  Steam 

50  Steam 

51  Steam 

52  Steam 


What  superv 
customer,  if  any? 

1  Hot  Water 

2  Hot  Water 

3  Steam 

4  Hot  Water 

5  Steam 

6  Steam 

7  Sleam 

8  Steam 

q      Hot  Water 
10      Hoi  Water 


It  is  the  universal  opinion  of  our  customers  that  we 
give  them  more  heat  for  the  money  than  they  could 
gee  from  hard  coal  at  $ID  per  ion,  and  the  luxury 
thrown  in. 

Don 'I  know. 

About  the  same  where  house  was  heated  by  furnace. 

Very  little,  provided  building  13  heated  thoroughly, 
a&  we  should  heat  it. 

Central -Stat  ion  heating  need  not  cost  the  consumer 
more  than  local  heating. 

About  the  same. 

Sleam  customers  are  heating  their  premises  at  very 
little  in  excess  of  the  former  cost  of  fuel.  Some 
are  even  heating  for  less. 

The  general  expression  of  our  Customers  is  that  the 
district  heating  costs  somewhat  more  than  their  own 
installations,  but  that  the  additional  convenience 
offsets  this. 

Hard  proposition.  Parlies  allow  nothing  for  janitor, 
repairs,  lifting  of  ashes,  etc. ;  only  figure  actual  cost 
of  coal. 

In  some  cases  40  per  cent  less,  but  generally  about 
the  same. 

We  have  no  exact  figures  in  regard  to  this,  but  we 
are  confident  that  the  cost  of  heating  from  our 
service  is  less  than  from  building  plants,  because 
of  the  ease  with  which  we  have  obtained  new  busi- 
ness and  held  the  old. 

Question  10. 

ision   do  you  exercise  over  the  inside  piping  of  your 

Why? 

Inspection  of  pipes  and  valves  at  opening  of  season 
or  at  all  times  necessary,  and  insist  on  covering  of 
pipes  (ir  charging   for  the  uncovered  as   radiation. 

Our  rules  for  piping  must  be  followed  or  service  will 
not  be  furnished. 

We  make  suggestions  that  are  generally  followed. 

Contract  inctosid. 

Piping  done  under  our  supervision.  The  better  the 
piping  the  less  pressure  required. 

Supervise  all   inside  work. 

Not  given. 

We  see  that  customer  is  properly  piped  and  that  all 
condensation  passes  through  the  meter. 

We  install  all  radiation. 

Only  to  avoid  leakage. 
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^^^^^B 

OIK  hondrcd  buildingc  on  ibe  tyncm,  one  of  irhtdi      ^^H 

^^^^H 

wu  piped  K>  ihai  ii  would  boi  drain  itstM  frecljr      V 

^^^^^^^^^^^1 

bjr  gravii<r.     Vou  would  have  to  raUc  the  prcMore 
coRiiiknUr  abo^-e  that  wluch  u  DecctMrr  w  best 
the  other  ninetj-ainc  Miii»f»ciOTiIy.  ia  ordct  to  (ci 
thti  ooe  »)r*tetn  to  work.     For  ihnc  rtatoat  it  U 
altogether  imjiortani  that  the  company  tlioikid  ooa* 
iro!  or  at  tra<i  lisvr  lupeTTi^ion  over  the  ijsumt 
in  the  different  baMiag*.  and  >hoakl  he  able  to  say 
whether  ihcy  would  coRixct  a  buildinf  to  their 
main  I  or  not. 

^^^B 

Scnln 

None,  except  to  ckan  steam  trap*  from  twice  to  three 
timet  per  teaton.                                                                ^_ 

^^^H 

S<(MB 

Not  fivm.                                                                               ^^H 

^^^H 

S*«un 

To  enable  as  to  carrr  le«s  bade  preuure  on  enftae*       ^^H 

Mid  rrt  circulate  steam  to  all  ciutoroeri.                                 H 

^^^H 

Sieam 

We  cxerci*c  no  particntaT  lupcfvitioci  over  the  in«wle              H 
piping;  of  our  enitomei^  other  than  to  tee  that  the              H 
work  it  properly  innallcd  in  regard  to  the  *un  of              H 
main*  and  rbers.  and  that  the  requisite  amoimt  of        ^^H 
radiation  is  put  in.                                                             ^^^| 

^^^H 

Steam 

titme:  tmly  compel  them  to  keep  it  in  order.                     ^^^| 

^^H 

Hoc  W*t«T 

Onlrto  Me  that  there  is  no  leaking  and  corerjng  of              H 
pipes  kept  up.                                                                             H 

^^^^H 

Si  win 

None,  only  lo  require  econotniiinc  coils  where  mdef              ^| 
is  wanted ;  ai  meter  h  more  accurate.                              ^^^| 

^^^1 

Sitam 

Not  givoi.                                                                               ^^H 

^^^B 

,Sleun 

We  keep  a  doie  lupertiaioo  over  the  iniide  pfptns  of 
the  ctutomrr.  and  after  a  good  deal  of  iroablr  with 
variout  plumber*,  will  not  connect  lo  a  job  that  it 
imperfect,  bi  we  have  found  that  ihcj-  mile  tu  a 
good  deal  of  trouble  and  bad  rrtutii. 

^^^H 

Simn 

We  nw  the  vacatitn  lynicm  and  require  all  piping  and 
radiators  to  be  kept  tight,  i.  r.  without  le^i- 

^^^H 

Hoi  Watfl- 

We  do  all  the  piping     Work  wat  not  done  lo  niit  nt 
when  ptumberi  or  ilmm  fitter*  did  it 

^^^H 

Hot  Wa«r 

We  in!ii*i  on  doing  the  work. 

^^^H 

Steam 

None,  except  we  have  our  own  X'alvct  iniide  of  cetltn 
M>  that  we  can  cut  vame  off  at  will,  m  the  company 
own«  the  »ernce  pipe  to  that  point.                                   ^^ 

^^^K 

Hot  Watw 

Mtiit  be  done  according  to  pbn*  and  spccificatioaf       ^^H 
fumiihed  by  u*.                                                                  ^^H 

^^^H 

Hot  Water 

We  have  est^litithed  ralei  thai  muit  be  complied  with             'W 
in  order  to  render  ulisfKlory  «ervice  and  reduce              fl 
leakage.                                                                              H 

^^H 

Stnm 

Not  given.                                                                             H 

^^^B 

SiCUM 

We  do  not  exerclM  any.  but  hare  learned  from  ex-       ^^H 
pericnce  that  old  piping  U  to  be  avoided.                        ^^^| 

4^3 
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48      Steam  We  have  a  set  ai  rules  governing  certain  features  of 

piping  wliere  buildings  are  to  be  connected  with 
our  system.  This  is  done  to  insure  system  work- 
ing on  least  possible  pressure  and  10  avoid  the  use 
of  ileam  without  having  same  properly  metered. 

Our  (xperience  teaches  us  that  periodic  inspection 
should  be  given  the  customer's  installation.  We 
find  that  naps  frequently  stick,  or  become  clogged 
and  blow  through;  so-called  automatic  air  valves 
fail  to  work,  allowing  pipes  and  radiators  to  become 
air-bound,  causing  complaint  of  low  pressure:  cus- 
tomers at  times  add  radiation  without  due  notice, 
etc..  etc..  so  that  we  maintain  an  inspection  depart- 
ment and  make  at  least  monthly  investigaiion  of 
all  installations.  Supervision  should  be  given  all 
new  installations  to  see  that  piping  is  properly  ar- 
ranged and  of  ample  size,  etc.,  etc. 

Must  cover  all  pipe  with  pipe  covering.  Keeps  ex- 
haust steam  from  condensing  in  pipes. 

Not  given. 

We  require  customers  to  pay  for  all  uncovered  pipe 
and  to  keep  their  traps  working  properly;  the  latter 
in  order  to  prevent  steam  from  blowing  straight 
through  into  the  sewer. 

QuEETioN  n. 

To  what  extent  does  the  condition  of  the  inside  pipe  and  radiation 
of  your  customer  affect  the  pressure  to  be  carried  on  the  healing  system? 

Don't  know. 

Not  given. 

Radiation  is  figured  ample  to  heat  under  three  to  five 

pounds  pressure  in  weather  40  degrees  below  zero, 

Fahrenheit. 
Not  given. 

See  answer  to  question  No.  10. 
Does  not  affect  the  pressure  of  our  system. 
Not  given. 
Not  given. 
Not  given. 
Not  given. 
Not  given. 
The  condition  of  the  inside  piping  affects  the  pressure 

carried  on  the  street  main  as  described  in  last  part 

of  the  answer  to  question  No,  10. 
This  refers  to  steam. 
Has  all  to  do  with  it;  one  bad  job  will  injure  a  whole 

system. 
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^^1 

^^^H 

Hot  Waier 

To  no  extent.    It  doei,  however,  affect  the  local  cir- 
culation. 

^^^K 

Hoi  Water 

Very  important  to  avoid  carrying  high  prcKfiurc  on 
your  mnins. 

^^^^B 

Steam 

Should  conditions  be  «uch  that  pipes  tn  loo  unall 
nn<1   many    nn(-lcs   fonncil.   -luch   »  found   in  old 
buildingv  ihc  effect  of  addiiionnl  jiresMiie  i*  great ; 
in  OUT  caie  vie  do  no)  acce^it  uld  building*  unless 
Mine  are  changed  In  meet  i>tir  specification!. 

^^^H 

Steam 

The  cundtlioii  of  the  in«de  pipei  and  mdialicm  does 
not  aUcci  the  prci^stiTe  we  ctrfy  in  our  mam«.    W« 
will  not  take  on  a  cuilumer  whose  radiation  ami 
pipes  are  too  small,  or  not  in  ,iccordance  with  our 
rule*.    We  carry  a  maximum  of  three  ponnds  prew- 
tire  in  our  maina,                                                               ^^^H 

^^^E 

Sienm 

N(i[  given.                                                                             ^^^H 

^^^^H 

Steam 

Can't  My.                                                                               ^^^| 

^^^^^K 

Steam 

Nut  given.                                                                              ^^^H 

^^^^B 

Steam 

Nothing  nffecis  our  pressure  to  be  carried.    Wc  guar-             ^M 
antee  two  pnundi  pressure  in  lero  weather,  and             H 
any  job  not  in  cimdition  lo  give  proper  service  at             H 
all  liineN  must  be  made  lo  before  we  will  connect              H 
with  it,                                                                               H 

^^^V 

Hot  Water 

Not  given.                                                                              ^^^| 

^^^K 

Steam 

About  four  pounds  back  pressure.                                       ^^^| 

^^^B 

Steam 

None;  but  cmlomer  will  notice  pfomptty  if  anything       ^^^B 
is  wrong  with  his  pipe«.  for  he  will  ii'ii  get  the  heaL              H 

^^^^B 

S'eam 

Can't  uy,  as  we  have  made  nn  letti  yet.                                      H 

^^^H 

Stcani 

^^'c  have  had  to  refuse  lo  heal  many  huildincs  on             H 
account  of  the  high  preiiure  required  la  get  ucani             ^| 
to  all  radiators.                                                                  ^^^H 

^^m 

Hot  Water 

Hot -water  lysteni.                                                                ^^^H 

^^m 

Sttam 

F>epend»  upon  job:  ordinarily  very  little.                          ^^^H 

^^1 

Steam 

See  answer  lo  qneitiun  No.  lo.                                            ^^^H 

^^m 

Sicam 

Not  given.                                                                              ^^^H 

^^M 

Steam 

With  radiation  cloied  on  service  pipes  our  Im*  (fl       ^^H 
pressure  is  very  little.                                                       ^^^^ 

^^M 

Steam 

Coniii<Ieralilc.                                                                         ^^^| 

^^m 

Steam 

Not  given.                                                                                    ^M 

^H 

Steam 

Wc  make  ihetm  put  in  cooling  ceuU,  whkh  Uirei  h«L      j^^H 

^H 

Hm  Water 

Not  pveiL                                                                      I^^H 

^H 

Steam 

SmalL                                                                                     ^^1 

^H 

Sinm 

Not                                                                         ^^^H 

^H 

Steam 

Wc  note  that  ihe  greater  the  number  of  fillings  am!        ^^H 
luins  in  the  in.iidc  piping  the  grcalcf  the  friction               H 
and  the  greater  the  pressure  to  be  carried  to  do  lite             H 

BL— 

__ 
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44  Hot  Water 

45  Hot  Water 

46  Steam 
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4H  Steam 

49  Steam 


etc.? 


See  answer  to  queslion  No.  10. 

Not  given. 

Poor  piping  is  detrimental  to  the  successful  operation 
of  the  plant. 

We  have  a  drop  of  about  three  pounds  at  farthest  end 
of  line,  which  is  about  a  quarter  of  a  mile  from 
station;  in  otlier  words,  between  station  and  end  of 
line.  The  back  pressure  carried  to  give  satisfactory 
results  is  seven  pounds.  ^ 

H  properly  piped  and  equipped  with  regulators,  to  no 
extent. 

Many  leaks   would  neces.silate  the   use  of  more   fuel. 

.\  customer  is  not  accepted  unless  the  inside  system 
is  satisfactory  to  tls. 

Where  piping  is  old  or  poorly  installed  it  takes  more 
pressure  lor  satisfactory  service. 

From  two  to  ten  pounds. 

Materially,  m  our  opinion.  The  natural  tendency  on 
the  part  of  the  customer  is  to  economize  in  first 
cost  of  radiation,  and  to  call  on  the  steam  company 
for  higher  pressures  during  cold  weather.  The 
system  is  frequently  blamed,  where  in  reality  in- 
sufficient and  improperly  placed  radiation  is  the 
cause  of  the  trouble. 

About  20  per  cent. 

Not  given. 

We  contract  to  furnish  two  pounds  pressure  at  the 
service  and  require  the  customer  to  have  his  piping 
and  radiators  so  arranged  that  this  will  properly 
heat  the  building  during  the  coldest  weather. 

Question  la. 
Do  you   make  a  regular  inspection  of  the  customer's  piping,  traps, 


Yes. 

Yes. 

Yes.  ,    . 

No. 

Yes.    .         . 

Yes. 

Not  given. 

Yes.    ,.,.-....-, 

Yes. 

No 

Do  not  have  any   regular  inspection   dates  or  hours. 

We  have  access  to  all  houses  at  any  time. 
\V«  consider  frequent  inspection  of  customers'  piping, 

etc.,  particularly  the  meters,  essential. 
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Hoi  Water 

37 
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38 

Steam 

39 

Stc.im 

Wu  make  at  least  a  weekly  inspection,  and  oftener  if 

any  complaints  are  made. 
Yes. 
Yes. 

Yes. 

No.  Refer  all  inside  trouble  to  .steam  fitters  at  cus- 
tomer's exprnse. 

We  make  regular  inspection  of  customers'  traps  snd 
meters  at  least  every  two  weeks. 

Yes. 

Yes. 

Employ  one  man  directly  for  the  purpose  of  ituking 
daily  inspections  of  meters,  traps,  piping,  etc.,  and 
find  that  this  is  necessary  to  obtain  the  best  results. 

We  make  regular  insjicclions  of  our  traps  and  meters. 
but  not  of  the  rest  of  the  Installation  unless  the 
consumer  requests  it.  when  safne  is  done  and  minor 
adjustments  made  by  our  "trouble  man"  without 
charge  to  customer. 

Yes. 

Yes;  thus  far,  once  a  month. 

Yes.  once  each  week ;  more  for  the  purpose  of  seeing 
that  the  meter  is  working  than  for  any  other  pur- 
pose. 

Yes. 

Yes. 

No. 

Inspect  traps  and  covering  of  pipe  in  basements  regu- 
larly. We  assume  no  responsibility  as  to  sufficiency 
of  radiation. 

We  keep  a  general  super^'ision  over  all  of  the  heating 
apparatus  on  the  system  and  look  after  the  traps 
pretty  closely  to  see  that  llicy  are  working  properly 
all  the  lime. 

Inspect  traps  three  or  four  times  per  season. 

We  employ  one  man  who  makes  regular  inspections 
of  all  .'service  trap.',  radiation,  etc.  He  also  makes 
whatever  repairs  may  be  necessary. 

Yes.  constantly:  especially  traps  and  meters. 

We  make  regular  inspections  of  customers'  pipes. 
traps,  etc.  for  which  no  charge  is  made  unless  re- 
pairs are  used. 

Ye-i,  lit  beginning  of  season. 

Kn. 

We  do  of  traps. 

Not  given. 

Wc  have  just  decided  this  year  in  make  a  regular  in- 
spcciirn  of  .ill  customers"  traps,  etc. 
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Yes. 

Every  six  motitlis. 
No  trap* ;  water  retarns  to  plant. 
We  do,  and  recommend  changes  if  needed. 
Yes. 
We  do. 
Not  given. 
Yes, 

Yes  ;  weekly. 
Yes ;  monthly. 
Yes. 
Yes. 

We  make  a  yearly  inspection  of  customers'  piping. 
traps,  etc..  just  beEore  steam   is  lumed  on. 

Question  13. 
Do  you   insist  upon  the  use   of  economizing  coils   so  placed  as  to 
extract   the   heat   from   the   water  of  condensation,   or  is   (his  left  to  the 
option  of  the  customer? 

We  have  ihc  Yaryan  hot-water  system. 

Not  given. 

We  now  insist  on  economy  coils.  We  left  it  to  the 
customer's  option  during  the  first  year  of  operation. 

Not  given. 

Yes. 

All  customers  have  economizing  coils. 

Not  given. 

I  insist  on  economizing  coils. 

We  heat  by  hot  water. 

Use  hot-water  system. 

Our  system  is  hot  water  and  we  use  thermostats  on 
e\-ery  house,  thus  controlling  the  heat. 

We  strongly  advise  the  use  of  economizing  coils  in 
the  installations,  and  that  the  same  be  properly 
cased  in  sheet  iron,  with  liberal  ventilation  so  ar- 
ranged that  the  heat  used  may  be  utilized  in  heat- 
ing some  portion  of  the  building. 

Refers  to  steam. 

Yes,  we  insist  upon  their  use. 

Company  does  not  use  slcam. 

Ours  is  a  hot-water  plant — Yaryan. 

Do  insist  upon  economizing  coils. 

Up  to  (his  time  we  have  insisted  upon  the  use  of 
economizing  coils,  treating  them  as  indirect  radia- 
tion.    We  are  about  to  abandon  this  requirement. 

Not  given. 

Charge  higher  rate  if  coils  not  used. 
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We  insist  upon  the  use  of  economizing;  coils  in  all 

installations. 

We  do  not  insist  upon  the  use  of  economizing  coils. 
Each  customer  pays  for  the  steam  used.  He  may 
install  economizing  coil  and  extract  the  heat  of  the 
water,  and  enjoy  the  ventilation  it  will  give  him  or 
not,  as  he  chooses. 

Not  given. 

Insist  that  they  be  installed. 

We  tel!  them  that  it  is  a  good  thing  for  them  to  do 
while  on  meter  basis.  H  we  change  our  system 
we  will  compel  Ihem  to  do  so. 

Where  the  cooling  coils  can  he  used  to  an  advantage 
we  insist  upon  Ihem  being  put  in. 

We  insist  on  economizing  coils. 

Hot-water  system.     Such  things  not  required. 

Insist  on  it. 

A  coil  of  some  kind  should  be  used  on  all  heatiiig 
systems  after  the  condensation  passes  the  trap.  We 
do  not  insist  that  this  coil  should  be  arranged  as  is 
commonly  understood  by  an  economizing  coil.  For 
instance,  ive  frequently  utilize  the  condensation  after 
it  has  passed  the  trap  for  heating  basements.  This 
we  usually  do  by  putting  an  ordinary  pipe  coil  on 
the  wall  and  so  arrange  it  that  it  will  remain  full  of 
water  all  the  time  and  o\erflow  to  the  sewer.  .\t 
other  limes  we  use  the  condensation  for  making 
hot  water  by  means  of  an  ordinary  storage  tank 
with  a  coil  on  the  inside  of  it.  Then,  in  other 
cases,  we  use  an  indirect  casl-iron  radiator  so  ar- 
ranged that  the  water  will  pass  through  the  entire 
coil  and  it  will  remain  full  of  water.  This  we  box 
up  with  a  tin-lined  wood  l>ox  with  a  cold-air  duct 
connected  to  the  bottom  and  a  warni-air  duct  taken 
from  the  top  of  the  liox  and  connected  to  a  register 
on  the  first  floor  of  the  building. 

We  insist  on  the  coils  in  every  job. 

Not  given. 

Yes, 

We  insist  upon  tlie  ikc  of  economizing  coils  in  every 
instance. 

Yes, 

Use  hni-waier  systeni. 

Sec  answer  No.   to. 

Not   pivcn. 

Wo  in-ii-,!  upon  the  installation  of  economizmg  coils 
on  prcii[i«C';  nf  ivery  cu-tomcr. 
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Sc«  answer  10  qaestion  No.  10. 

Not  given. 

Not  given. 

We  do  not. 

As  ours  is  a  hot-w^ter  plant,  above  does  .not  apply- 
Not  given. 

Ves.     The  use  of  economizing  coiU  is  insisted  upon. 

We  insist  on  economizing  coils. 

We  will  not  connect  unless  economizers  are  Installed. 

Not  at  present,  but  we  are  considering  this  question 
and  may  decide  to  adopt  the  use  of  such  economi;:cr 
coils  in  connection  with  meters.  We  have  a  very 
few  installations  with  economizing  colls.    . 

Left  to  customer. 

We  insist  on  use  of  economizing  coils. 

Yes. 


Question  14. 

Do  you  chaise  for  this  class  of  radiation? 

Not  given.  * 

Not  given. 

No. 

Not  given. 

Yes. 

Yes. 

Nol  given. 

No.  Nothing  extra.  Meter  takes  condensation  after 
passing  through  coils, 

Nol  given. 

Not  given. 

Not  given. 

The  condensation  meter  used  by  us  takes  care  of  the 
economizing  coils,  as  this  is  the  customer's  loss  if 
the  water  is  allowed  to  run  away  hot.  We  should 
advise  charging  for  this  class  of  radiation  whether 
installed  or  not  If  selling  heat  at  a  flat  rate,  as  boil- 
ing water  leaving  the  building  will-  take  a  large 
amount  of  heat  with  it,  which  the  steam-heat  com- 
pany can  not  afford  to  lose. 

Refers  to  steam. 

No, 

Not  given. 

Not  given. 

No.  Figure  amount  of  radiation  for  character  of 
building:  charge  for  full  amount,  deduct  15  per 
cent  radiation  and  place  20  per  cent  cooling  coils. 

The    condensation    passes    through    the   economizing 
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Hot  Water 

.! 

Steam 

4 

Hot  Water 

5 

Steam 

0 

Steam 

7 

Steam 

» 

Steam 

9 

Hot  Water 

10 

Hot  Water 

11 

Hot  Water 

12 

Steam 

Hot  Water 
Steam 
Hot  Wafer 
Hot  Water 

Steam 


i»      Steam 
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tg  Steam 

30  Steam 

21  Steam 

23  Steam 

23  Hot  Water 

24  Steam 

25  Steam 

26  Steam 

27  Steam 

28  Hot  Water 

29  Steam 
io  Steam 


31  Steam 

32  Si  earn 
S3  Steam 

34  Steam 

35  Steam 

36  Hot  Water 

37  Steam 

38  Steam 

39  Steam 

40  Steam 

41  Hot  Water 

42  Hot  Water 

43  Steam 

44  Hot  Water 

45  Hot  Water 

46  Steam 

47  Steam 

48  Steam 

49  Si  earn 

50  Si  cam 

51  Steam 

52  Steam 


coil  and  is  weighed  by  the  meter  after  it  has  passed 
the  economizing  coiL 

Not  given. 

Not  given. 

We  do  not  charge  extra  for  radiation  from  these  coils. 

Not  given. 

Wc  charge  for  risers  and  comiections. 

One-half  regular  price. 

Yes. 

No.  Because  we  charge  for  all  space  heated  by  cubic 
feet  of  space  heaiei" 

Yes. 

Have  none. 

Yes ;  cubic  feet  heated. 

We  charge  for  all  kinds  of  radiation  and  exposed 
pipes.  Any  pipes  that  are  covered  with  an  approved 
covering  are  not  charged  for.  We  charge  a  uni- 
form price  for  all  kinds  of  radiation. 

It  is  figured  in  as  direct  radiation  at  one-third  actual 
surface. 

Not  given. 

When  supplying  by  meter,  na     When  Hat  rate.  yes. 

Yes. 

Yes.    Heat  by  space. 

Not  given. 

No. 

Noi  given. 

We  have  not  thus  tar  charged  for  this  class  of  radi- 
tion. 

Sec  answer  to  question  No.  10, 

Not  given. 

Not  given. 

Not  given. 

Not  given. 

Not  given. 

Not  given. 

Yes. 

No. 

Yes. 

No. 

No. 

Yes ;  charge  is  30  cenls  per  square  foot  of  radiating 
surface. 


Question  15. 
What  ratio  does  this  class  of  radiation  bear  to  the  direct? 
I       Hot  Waiir     Not  giiTo. 
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Hoi  Water 
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Steam 

4 

Hot  Water 

5 

5 1  earn 

6 

Steam 

7 

Steam 

8 

Steam 

9 

Hot  Water 

10 

Hot  Water 

II 

Hot  Water 

12 

Steam 

M 
15 
■6 

17 

i8 

'9 

30 
21 

22 
23 

24 
25 
26 

27 
28 
29 

30 
31 
32 
33 
34 


Hot  Water 
Steam 
Hot  Water 
Hot  Water- 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Hot  Water 
Steam 
Steam 
Steam 
Steam 
Hot  Water 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 


35  Steam 

.16  Hot  Water 

37  Steam 

38  Steam 

39  Steam 


Not  given. 

One- sixth. 

All  direct. 

About  one-halt. 

17  per  cent 

Not  given. 

Not  given. 

Not  given.  ' 

Not  given. 

Not  given. 

Should  consider  that  a  fair  proportion  of  radiation  in 
the  economy  coil  would  be  about  20  p«r  cent  of  the 
entire  radiation  of  the  entire  building.  Charge  for 
this  radiation  should  be  about  ij  per  cent  of  the  rale 
on  direct  radiation. 

Refers  to  steam. 

Depends  upon  conditions. 

Not  given. 

Not  given. 

20  per  cent. 

About  20  per  cent 

Not  given. 

Not  given. 

Not  given. 

When  installing  we  recommend  about  20  per  cent 

Not  given. 

Do  not  know. 

About  one-third  less  on  a  Hat  rale. 

Not  given. 

About  one- sixth. 

Not  given. 

Ratio  not  considered. 

See  question  No.  14. 

One-lifth  indirect. 

Not  given. 

About  one-fifth. 

In  charging  the  ratio  is  ig  for  coil  to  25  for  direct 
radiation.  In  amount  of  radiation  the  coil  service 
is  20  per  cent  of  the  total  radiation  connected. 

One -sixth. 

Not  given. 

One  to  eight 

Not  given. 

We  have  not  made  any  examinations  in  the  way  of 
figures,  but  we  have  always  considered  that  the 
heat  from  the  cooling  coils  placed  in  the  cellars 
was  sufficient  to  keep  the  floors  warm. 
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40 

Si  earn 

41 

Hot  Water 

42 

Hot  Water 

A3 

Hot  Water 

44 

Steam 

4; 

Hot  Water 

46 

Steam 

47 

Steam 

48 

Steani 

49 

Steam 

SO 

Steam 

,51 

Steam 

52 

Steam 

Do  you   have 
healing  service? 

1  Hot  Water 

2  Hot  Water 

3  Steam 

4  Hot  Water 

5  Steam 

6  Steam 

7  Strain 

8  Sieatn 


9 
to 

[[ 
12 

r.l 
'4 
15 
16 

r- 


Hot  Watir 
Hoi  Water 

Hot  Water 
Steam 

Hot  Water 
Steam 
Hot  Water 
Hot   Water 
Steam 
Steam 


See  answer  to  question  No.  la 
Not  given. 

Not  given.  ,  ... 

Not  given. 

See  answer  to  qtiestion  No.  13. 
Not  given. 

15  per  cent  to  zo  per  cent. 
Just  the  same. 
15  per  cent. 
One-fifth  uf  total. 
Very  link. 
20  per  cent  of  direct. 

Wt  require  surface  in  economizing  coil  to  be  one-tiflh 
of  that  in  radiation. 

QuESTiotJ  16. 
any  ditlicully  in   securing  or  retaining  customers   for 

None  whaiei'or. 

No. 

K... 

No. 

No;  havi-  all  we  can  take  care  of. 

No. 

Not  given. 

No;  during  the  last  year  we  rai'-ed  price  and  we  lost 
one  custiinicr.  Tlicy  all  think,  however,  that  it  costs 
ihcm  too  much  money. 

No. 

We  hove  never  lost  any  business  and  could  double  our 
business  with  very  little  trouble  or  expense. 

We  have  not  a  dissati.sfieil  customer  on  the  plant. 

Customers  come  on  slowly,  but  we  have  never  lost  a 
customer  unless  he  was  moving  ofT  the  hne. 

None  whatever. 

None. 

Have  not  lost  one  customer  since  starting. 

Ha\e  more  than  we  want  now. 

No. 

We  have  had  considerable  difficulty  in  securing  cus- 
tomers for  heating  service  on  a  meter  basis  at  our 
present  rates.  Customers  want  to  know  what  Ihe 
COM  will  be  before  signing  contract.  We  do  not 
have  any  difficulty  in  retaining  custonier.s  after  they 
have  Iweii  secured,  provided  they  clearly  understand 
what  they  niay  expect  in  the  way  of  charges,  before 
thi'v  -i(;n  tin-  lontracl, 
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19 

Steam 

iO 

Si  cam 

2\ 

Steam 

Steam 


a.l  Hot  Water 

24  Steam 

is  Steam 

■ib  Steam 

27  Sleam 

.'«  Hoi  Water 

jy  Si  earn 


.W 


Sleam 


,11 

Steam 

3-S 

Steam 

,1.1 

Steam 

.14 

Steam 

J5 

Sleam 

.16 

Hot  Waler 

,*7 

Steam 

,1« 

Sleam 

.19 

Steam 

40 

Sleam 

41 

Hot  Waler 

43 

Hot  Water 

4,1 

Sleam 

44 

Hot  Water 

45 

Hot  Water 

46 

Steam 

47 

Sleam 

48 

Steam 

The  most  permanent  and  best  customers  we  have. 

Difficult  to  secure;  never  lose  any. 

We  do  not  have  any  dlfiiculty  in  securing  or  retaining 
customers  for  heating  business. 

We  have-  not  had  time  lo  lose  any.  We  are 
informed  that  our  customers  are  entirely  satlslied 
with  our  rates  and  service,  and  we  believe  the  pros- 
peas  to  be  -gooA  for  securing  much  new  business 
next  season.  ' 

No. 

No, 

No:  can  not  furnish  steam  enough  for  all  that  want 
it,  and  the  trouble  is  to  keep  them  off  the  line. 

None. 

No.    Can't  take  all  we  can  get. 

No. 

We  have  advanced  rates  several  times,  without  loss 
of  consumers. 

We  do  not  have  much  difficulty  in  securing  cus- 
tomers and  none  whatever  in  retaining  them.  For 
instance,  In  the  four  years  that  this  plant  has  been 
in  operation  we  have  never  lost  a  customer  except  a 
few  buildings  that  were  burned  down,  and  contracts 
for  these  will  be  received  when  the  buildings  are  re- 
built. 

None.    Can  not  take  all  the  business  otlered. 

No. 

No. 

No. 

No. 

None  whatever.    Refuse  much  new  business. 

None  in  retaining  them,  but  some  trouble  between 
landlord  and  tenant  where  tenant  has  lease,  to  get 
heating  plant  installed. 

Not  given. 

We  do  not. 

No :  have  reached  our  maximum  capacity  of  exhaust 
steam. 

No. 

No;  have  more  demand  than  we  want  to  take  on,  as 
our  heat  load  now  (ar  exceeds  our  exhaust  load. 

We  do  not. 

No. 

The  only  difficulty  is  in  first  cost  for  equipment. 

No  difficulty. 

No. 

No. 
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4g      Steam  Have  lost  but  one  customer. 

50  Steam  Yes ;  because  we  charge  for  heat  during  October  and 

April. 

51  Steam  Not  answered. 
53      Steam  Practically  none. 

Question   17. 

Have  you  changed  your  method  of  consiruction  since  your  plant 
was  iustalled? 

To  some  extern. 

No. 

No. 

No. 

No. 

No. 

Not  given. 

No. 

No. 

No. 

No. 

No. 

Yes;  we  have  put  in  the  balance  column. 

Is  a  modern  sy^iem;  no  changes. 

Yes. 

No. 

No :  have  made  no  exlensions.  Would  change  n'ethod 
somewhat  should  we  extend. 

No. 

Not  given. 

No;   modern  construclion. 

We  operated  on  a  livi'-sleam  basis  during  the  season 
of  1901-1902,  and  in  comparison  with  the  season 
1902-1903  we  find  ihat  »e  made  no  mistake  in  using 
exhaust  rather  ihan  live  steam  for  heating  purposes, 
as  our  results  mentioned  in  answer  to  question  No. 
2   would   certainly   indicate. 

No, 

Not  given. 

No. 

No, 

No. 

No, 

No. 

No. 

We   have   not   changed    Ihc   method   of   construction, 
nnr  do  we  see  any  reason  to  <lo  so. 
,17       Stf:ini  No 
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6 
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Steam 
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Hot  Water 
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Hot  Water 
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Hot  Water 

12 

Steam 

13 

Hot  Water 
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Steam 

15 

Hot  Water 

16 

Hot  Water 

17 

Steam 

18 

Steam 

19 

Steam 

20 

Steam 

21 

Steam 

22 

Steam 

2.1 

Hoi  Water 

24 

Steam 

25 

Steam 

26 

Steam 

^7 

Steam 

28 

Hot  Water 

29 

Steam 

30 

Steam 
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32 

Steam 

33 

Steam 

34 

Steam 

35 

Steam 

36 

Hot  Water 

37 

Steam 

38 

Steam 

39 

Steam 

40 

Steam 

41 

Hot  Water 

42 

Hot  Water 

43 

Steam 

44 

Hot  Water 

45 

Hot  Water 

46 

Steam 

47 

Steam 

48 

Steam 

49  Stemm 

50  Steam 

51  Steam 
53  Steam 


We  have  extended  a  littk  every  year.  I.ait  fall  we 
doubled  our  systenL  We  have  now  about  one  mile 
of  maina,  beating  5/xx>,ooo  cubic  feet  of  spw  e. 

No. 

No. 

No. 

No. 

No. 

Not  given. 

No;  not  to  any  extent 

No. 

No. 

Only  in  the  matter  of  service  connectioiL 

We  have  not. 

In  slight  particulars. 

Not  materially. 

Not  given. 

Not  particularly. 

Draining  maina  at  frequent  intervals  and  the  making 
of  service  connections  on  top  of  mains.  In  ta^ 
new  additions  to  our  mains  we  take  advantage  of 
any  improvements  that  may  have  been  adopted  by 
the  American  District  Steam  Company, 

No. 

No. 

No. 

System  was  entirely  rebuilt  four  years  aga 


Question  i& 
Do  yon  think  you  could  make  more  money  if  you  had  a  plant  of 
modem  construction? 

We  have  one  of  the  best 

No ;  plant  is  up-to-date 

Our  plant  is  modem. 

Not  given. 

Yes. 

No;  is  modem. 

Not  given. 

We  think  it  is  modem. 

No. 

No. 

We  think  we  have  a  plant  of  modem  cMUtraction. 

We  think  our  plant  is  of  modem  construction,  as  it 
has  been  built  within  two  years ;  but  we  think  that 
much  better  construction  might  be  made  with  a  lit- 
tle greater  cost 

13  Hot  Water    Our  plant  is  absolutely  modem, 

14  Steam  ts  modem. 
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2 

Hot  Water 
Hot  Water 
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Steam 
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Hot  W^er 
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Steam 
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Steam 
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Steam 
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Hot  Water 
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Hot  Water 

12 

Steam 
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Hot  Water 

16 

Hot  Water 

17 

Steam 

18 

Steam 

19 

Steam 

20 

Sleam 

21 

Steam 

22 

Steam 

23 

Hot  Water 

24 

Steam 

25 

Steam 

26 

Steam 

2? 

Sicam 

2H 

Hoi  Water 

2g 

Steam 

30 

Steam 

31 

Sleam 

33 

S learn 

,13 

Steani 

34 

Steam 

35 

Steam 

36 

Hot  Water 

37 

Steam 

38 

Steam 

39 

Steam 

40 

Steam 

41 

Hot  Water 

42 

Hot  Water 

43 

Si  earn 

44 

Hoi  Water 

45 

Hoi  Water 

46 

Sleam 

47 

Si  cam 

4« 

Slcam 

40 

Steam 

5" 

Steam 

St 

Sleam 

5-! 

Steam 

Wlinl   Jii  ynn 

T 

Hnt    Waller 

It  would  be  more  satisfactory. 

Not  given. 

No :  not  materialJy. 

No, 

Not  given. 

Not  given. 

Our  siteam-heatin?  system  is  of  modem  eonstnierion. 

Not  given. 

We  have  a  modern  plant. 

Just  installed. 

We  think  ihis  is  modern.  It  certainly  gives  us  no 
trouble. 

Not  gi^'C"- 

Ves;  thai  is,  large  street  mains. 

We  have  a  modern  plant. 

No:  our  plant  is  modern, 

I  feel  quite  sure  our  plant  is  an  up-to-date  one,  at 
lea.'t  in  poim  of  construction.  Do  not  know  of  any 
way  He  could  improve  it. 

Our  plant  is  modern. 

Not  gi\en. 

We  have  modern   construction. 

No;  we  consider  our  plant  to  be  fairly  modern  in 
construction.  In  any  I'veiit,  that  recent  extensions 
are  up-to-ilaie. 

We  h.ive  modern  construction. 

No 

We  have  a  modern  plant,  , 

Our  plant  is  modem  :  \va-  inslalled  last  fall. 

We  ihink  the  more  modern  the  better. 

Vcs. 

No. 

Don't  know  of  anyihins  any  better, 

Wc  do  nol.  as  ours  is  up-to-date  with  a  few  excep- 
tion". 

Ours  is  modern. 

Not  given. 

Not  given. 

Ves;  in-  would  install  differently. 

Not   given. 

Our  pkiiil  i-.  practically  modern. 

Noi  givin 
Not  givi'n, 

Ql'ESTTOS-    19, 
clinrgi'  ntT  for  ilcprcci.ilion? 

Wv  hav.-  charged  c^ff  nothing  for  depreciation  thus 
far. 
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Steam 
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Sleam 
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Steam 

22  Sleam 

23  Hot  Water 

24  Steam 

25  Steam 

26  Steam 

27  Steam 

28  Hot  Water 
2g      Steam 

30  Steam 

31  Steam 
33      Steam 

33  Steam 

34  Steam 

35  Steam 

,t6      Hot  Water 
37      Sleam 

Steam 

Sleam 

Stenm 


39 
40 


After  all  expenses  and  repairs  have  been  paid,  then 
charge  oft  two  per  cent  on  cost  of  plant. 

Not  given. 

10  per  cent. 

Not  given. 

Nothitig  yel. 

Not  given. 

We  have  not  had  our  system  in  operation  long  enough 
to  tslimale  amount  to  be  charged  off  for  deprecia- 
tion.    We  think  it  will  be  very  light. 

No  I  given. 

Nothing. 

Not  given. 

We  are  of  the  opinion  (hat  the  depreciation  amounts 
to  about  7.5  per  cent, 

10  per  cent. 

Wc  have  not  decided  yet. 

Two  per  cent  of  capitalization  of  entire  plant. 

Five  per  cent. 

Nothing. 

We  estimate  depreciation  at  about  four  per  ceni  of 
total  construction  cost. 

Not  given. 

Six  per  cent. 

We  have  not  as  yet  charged  anything  off  for  depre- 
ciation except  amount  for  repairs  and  renewals, 
which  we  charge  off  in  operating  expenses  each 
month. 

Not  given. 

20  per  cent  per  annum. 

Nothing  yet. 

Nothing  but  repairs. 

Not  given. 

Six  per  cenl. 

Five  per  cent. 

Five  per  cent. 

We  have  no  specified  charge  made  tor  depreciation. 

Nothing, 

Not  given. 

Nothing  yet. 

Five  per  cent.  ■ 

Five  per  cent. 

Nothing. 

Nothing. 

Not  given. 

Five  per  cent. 

Nothing. 
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49 
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52  Steam 


Five  per  cent, 
10  per  cent. 

10  per  cent. 

Nothing  as  yet  , 

Not  given. 

Not  given. 

About  five  per  cent 

Four  per  cent. 

Our  general  charge  of  seven  per  cent  for  deprecia- 
tion on  electrical  property  covers  this.  Our  esti- 
mate of  depreciation  for  steam  system,  alone,  would 
be  about  live  per  cent. 

Nothing. 

Nothing  up  to  present  time. 

We  make  no  charge  for  depreciation. 


Question  20. 

To  what  extent  have  repairs  been  necessary,  due  to  actu^  wear  and 
tear  on  the  heating  system,  and  not  to  accident? 

Practically  nothing. 

Almost  no  expense. 

None, 

Not  given. 

No  repairs  necessary. 

No  repairs  and  no  accidents. 

Nol  given. 

No  repairs  outside  of  boilers  and  meters. 

None  as  yet. 

Our  only  expense  has  been  to  replace  tubes  in  a  live- 
steam  heater. 

None. 

We  have  had  no  repairs  to  make  as  yet.  Have  had 
no  accidents,  and  the  only  trouble  we  have  had  has 
been  due  to  surface  water  getting  into  the  wood 
logs. 

None  due  to  wear  and  tear,  but  a  great  many  to  ac- 
cidents. 

Practicaliy  none. 

$9(14-47  since  July  I,  1903,  because  of  defective  mains; 
otherwise  nothing. 

None  yet. 

None, 

Merely  nominal, 

\Vc  have  made  no  repairs  yet.     This  is  our  firs'  year. 

No  repair*.  Our  only  trouble  has  been  from  sub- 
drains  hcinE  poorly  constructed  in  clay  trench. 
Should  have  six  inches  of  broken  stone  on  bottom 
to  keep  drains  open. 
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The  repairs  and  renewals  charged  off  tn  operating 
expenses  during  igo2-3  on  boilers,  engines,  elec- 
trical apparatus,  tools  and  implements,  piping  in- 
side heating  plant,  mains  and  services  in  streets. 
meters  and  condensation  coils  in  buildings,  equal 
the  amount  of  10  per  cent  on  the  total  investment. 
The  repair  and  renewal  account  on  boilers  alone 
equals  two  per  cent  of  the  10  per  cent  indicated, 
this  fact  being  due  to  the  boilers  being  old  and  re- 
quiring 3  considerable  amount  of  repairs  during  the 
last  two  years. 

Not  given. 

Not  given. 

None, 

None. 

None  yet. 

None. 

One  per  cent. 

Nothing  to  speak  of. 

The  cost  of  repairs  and  maintaining  the  mains  on  this 
system  has  been  very  little. 

None. 

During  our  eight  years'  experience  we  have  never  had 
any  serious  leaks  or  trouble  of  any  kind. 

None. 

About  2.5  per  cent,  including  mains  and  service  pipe. 

None. 

Our  only  repairs  have  been  to  repair  flues  in  live 
steam  heater. 

Very  small  amount. 

Not  given. 

Very  small  up  to  this  time. 

Our  repairs  have  been  more  than  normal  on  account 
of  cheap  and  faulty  construction  of  pipe  line  in 
1892. 

None. 

None. 

We  have  had  to  make  no  repairs  since  we  started. 

None. 

Apparently  none,  with  the  exception  of  pipe  lines  out- 
side of  station. 

No  repairs  as  yet. 

About  one  per  cent  of  the  cost. 

Repairs  have  averaged  about  three-fourths  of  one  per 
cent  per  annum. 

None. 

Very  little. 
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None  thus  (ar. 
Practically  none. 


OOMPAKT         ITdm 

51  Sleani 

52  Steam 

Question  21. 

Do  you  return  the  water  of  condensation  to  the  station  for  re- 
cvaporalion?    If  not.  do  you  think  it  would  be  wise  to  do  so? 
t      Hot  Water 
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Hot  Water 
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No:  we  do  not, 
water. 


It  would  not  pay  us  to  return  the 


No;  too  much  oil  in  the  water. 

No :  we  do  not  return  the  water  of  condensation,  ind 

think   it   would   cost   us  more   to  do   so  thai*   it   is 

worth. 
Not  given. 
We  return  condensation  of  mains  to  the  plant. 


We  d<i  not  return  the  water  of  condensation  for  re- 
evaporalion,  as  it  would  cost  us  more  than  it  is 
worth. 

No. 

Since  we  use  water- circulating  system   we  return  all 

water  to  the  station  and  use  our  condensed  water 

for  boiler  feed. 

No:  trap  in  each  building. 

N'o.  To  safety  return  water  of  condensation  would 
require  a  separate  set  of  brass  mains. 

Not  given. 

No;  grades  prohibit  it. 

We  do  not  return  the  water  of  condensatjpn  for  re- 
evaporation,  hut  the  writer  thinks  that  it  was  a 
serious  miMake  not  lo  install  return  pipes  when  the 
steam  mains  were  first  installed.  The  advantages 
in  returning  tht'  water  to  steam  plant  are:  first,  the 
water  could  he  returned  at  .i  temperalnre  consider- 
ably grealcr  than  too  degrees  Fahrenheit,  which 
would  help  the  economy  in  producing  steam;  sec- 
ond, wc  could  s.ive  snmelhinE  in  operating  ex- 
penses, because  of  our  company  having  to  purchase 
water  from  the  ctly  (in  a  meter  h.i-is  at  a  rate  of 
six  cent-  per  iodo  gallons  ;  third,  we  should  have'the 
ailvamage  uf  iihiaining  soft  water  lu  mix  with  the 
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cily  water,  thus  reducing  the  formation  oi  scale  in 
the  tubes. 
We  do  not. 

No ;  not  in  our  instance. 

No ;  wc  do  not  return  the  water.     It  might  pay  if  you 

could  get  a  pipe  to  stand  the  service. 
We  do  not ;  and  we  do  not  think  it  would  be  wise  to 

do   so   in  our  ca.ce,   as   we  could   not   unless   using 

pump 5  to  force  it  back  to  the  plant. 
No;  it  would  not  pay  to  pump  it  back. 

No ;  we  do  not,  hut  think  it  would  be  wise  to  do  so. 

We  do  not  return  the  condensation  to  the  plant,  but 
waste  it  all  in  the  low  places  in  the  mains  through 
a  trap  to  the  sewer,  and  in  each  building  the  con- 
densation is  thrown  into  the  sewer.  To  undertake 
to  return  the  water  from  the  different  buildings 
and  the  mains  back  to  the  plant  would  be  a  very 
expensive  undertaking,  and  I  am  inclined  to  think 
it  would  be  detrimental  to  the  system,  especially 
when  you  are  using  almost  exclusively  exhaust 
steam. 

The  condensation  from  five  blocks  of  mains  is  re- 
turned to  the  station,  but  no  condensation  from 
radiation  is  utilized. 

No:  we  waste  our  drips  to  the  nearest  surface  drains 
at  the  point  of  radiation.  Wc  do  not  think  it  pays 
to  return  the  condensation  to  the  power-house. 

No. 

We  do  not  consider  that  we  should  be  anything  ahead 
by  returning  the  water  of  condensation  to  the  sta- 
tion for  re-evaporation,  owing  to  the  extra  cost  for 
installation  and  maintenance  of  the  return  pipe. 

No :  we  have  our  own  water,  so  do  not  value  the 
same. 

We  do  not,  nor  do  we  think  it  would  be  wise  to  do  so. 

Not  given. 

We  are  not  able  to  do  this,  but  think  it  would  be  wise 

to  do  so  where  pos!;ible. 
Yes. 


We  do  not.  and  don't  think  it  would  be  wise  to  do  so. 
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No.  1  do  not  think  it  would  pay  to  return  the  water 
af  condensation  to  the  station,  as  it  would  be  of 
value  for  but  two  or  three  months  of  the  year,  hav- 
ing plenty  of  exhaust  steam  for  feeding  water  the 
rest  of  the  time. 

Impracticable. 

We  do  not  return  water  of  condensation,  but  think  it 
would  be  profitable  to  do  so  when  conditions  are 
favorable. 

No :  cost  of  water  is  low.  and  the  difKculty  of  return- 
ing it  in  our  case  would  not  justify  the  expense. 

No;  we  do  not.    Think  it  would  be  wise  to  do  so. 

We  do  not  return  water.  It  would  be  an  excellent 
idea  to  do  so  provided  the  expense  of  fitting  up  for 
same  would  not  be  too  great. 

We  do  not  return  water  to  station,  and  do  not  think 
the  saving  resuhing  from  this  would  justify  the 
additional  investment  required. 

Question  22. 

pay  per  ton  (2240  pounds)  for  steam  coal? 

$1.65  per  ton  of  2000  pounds  on  siding  at  our  plant. 
$2.15  per  ton  of  2000  pounds  for  Indiana  run-of-mine. 
We  pay  $4.70  for  a  mixture  of  one-third  soft  and  two- 
thirds  hard  coal  screenings. 
$2.00  to  $2.25. 
$2.25. 

$2-3S. 

We  pay  $4.50  fTir  a  mixture  of  one-third  Youghoug- 

heny  screenings  and  two-thirds  anthracite. 
About  $4.00  for  Pocahontas  this  winter. 
$i.57J4  per  Ion  of  2000  pounds  delivered,  run-of-mine 

bituminous. 
Wilmington   lump  coal,  $3.75. 
$1.40  lo  $2.00  per  Ion. 
Good  steam  coal  is  about  $3.00  per  ton. 
$2.00. 
$i.62'-i. 

$1,00  per  2000  pounds. 
$2,40  in  coal  shed. 
$2.40, 

$1.70  per  gross  ion  for  run-of-mine  coal. 
$140  for  local  steam  coal  per  ton. 
Use  natural   gas ;    seven   cents   per    1000   feet.      Slack 

costs  us  $1.00. 
We  use  run-of-mine  lignite  coal,  which  costs  us  $I-1S, 

and  slack   lignite   at   90  cents  per  ton  delivered   in 

the  bins. 
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Not  given. 
$1.70. 

$1.10. 

$2.00. 

$1.50  per  ton  for  slack  coaL 

Not  given, 

$4.00. 

$1.15  per  ton  of  2000  pounds. 

Our  coal  costs  u?  at  the  boilers  $2.go  per  ton  of  2240 

pounds, 
$1.75  to  $2.00  per  2000  pounds  for  run-of-mine  coal. 
$4.00  per  2240  pounds  best  bituminous  coal   in  our 

boiler  house. 
$2.46. 

About  90  cents  gross  ton  delivered. 
$1.75  per  ton  2240  pounds  slack  coal. 
$2.60  per  ton  of  2000  pounds  for  Illinois  screenings. 
$2.00  tor  run-of-mine,  $1.55  for  slack. 
Not  given. 
$1.40. 

Average  $3-40- 
$2-33- 
$2.50. 

$2.25  delivered. 
$2.00. 

$2.30  to  $j.7s. 
Low  grades  of  anthracite  are  used,  at  an  average  of 

$2.00  per  ton. 
About  $2,85  to  $2.90. 
$2.00  per  ton. 
No.   I   buckwheat.  $3.35  per  gross  ton  delivered  ;  pea 

coal.  $3.75  per  gross  ton  delivered. 
$1.85  per  zooo  pounds  on  track. 
2000  pounds,  $(.go  to  $2.30. 
$2.00. 

Question  23. 
price  of  domestic  coal  used  for  heating  purposes  in 

Anthracite  S8.00  per  ton,  bituminous  $3.50  per  ton. 
Anthracite  $7S0  per  ton.  Pgh.  Dom.  lump  $4.50. 
Anthracite  $9.50,  soff  coal  $6.50. 
Hard  coal  $10,  soft  $300  to  $5.00. 
$4.00. 

$6.50  per  ton  to  non-employees  of  railroad  company- 
Bituminous  $8.00.  anthracite  $10. 
About  $6.50. 
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$2.50  per  ton. 

Anthracite  $8.50  Ion  of  20c»  pounds. 

$3.50  to  $400  for  soft,  $6.00  to  $8.00  for  hard. 

$7.00  for  the  sizes  and  $5.00  for  pea. 

Hard  coal  $10,  soft  coal  $7.00. 

$350. 

$2.50  to  $2.75  per  ton  of  2000  pounds. 

$3.00  to  $4.50- 

$2.85  10  $3.25. 

Nine  to  u  cents  per  bushel,  averaging  say  $2.50  per 
ton  of  2000  pounds. 

Lump  coal  $3.00  per  ton  of  2000  pounds. 

Lump  coal  $275  per  ton. 

The  cost  of  coal  to  the  various  steam-heating  con- 
sumers would  approximate  a  price  of,  for  run-of- 
mine  lignite,  $i.7S;  alack  lignite  $1.25  per  ton  de- 
livered. 

$7.00  per   ton  delivered. 

Hard  coal  $10. 

$2.90  per  ton. 

$3-50  10  $4-50. 

14  cents  per  bushel  gf  76  pounds. 

Not  given. 

Soft  coal  $6.00,  hard  coal  $10,50. 

$2,50 

Domestic  coal  costs  about  $3.50  per  ton. 

Native  $3,50,  anthracite  $7,50  per  Ion  of  2000  pounds. 

From  $5,00  to  $6,50  per  ton  for  anthracite, 

$4,25.  soft  coal. 

$2,00  to  $2,25,    This  price  also  refers  to  1902. 

$1,85  to  $2.00.  slack, 

$8.50  per  2000  pounds  anthracite. 

Varies  from  $3,00  to  $5.75. 

Not  given. 

$2.00. 

$7.50  for  hard  coal,  $4.50  for  soft  coal. 

$9.50  per  2O0O  pounds  anthracite. 

Soft  $6,00,  hard  $10, 

$4.25  to  $6,00. 

$3.00  to  $8,00. 

At  present  $4.50,  hard  coal  $7.50. 

$4.00  to  $6.50. 

$6.25  per  Ion  delivered. 

Anthracite  $8.50  to  $9.50.  bituminous  $3.00  to  $5.00. 

Average  price  $6.50.  ; 

About  1 1  cents  per  bushel, 

$4.50  to  $7.00. 
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52       Steam         •     From  $3.00  to  $4-50.  depending  upon  quality,  amount 
used,  and  length  of  haul. 

Question  24. 

As  a  result  of  your  experience,  do  you  couaider,  from  all  points  of 
that  your  investment  in  the  heating  business  was  a  good  thing? 
Hot  Water    We  do. 
Hot  Water    Very  satisfactory  thus  far. 
Steam  Yes. 

Hot  Water    No. 
Steam  Yes. 

Steam  Yes. 

Steam  Yes ;  we  could  even  furnish  live  steam  and  make  some 

profit ;  but  when  we  take  into  account  our  exhaust 
steam  from  our  electric  plant,  which,  for  the  heat- 
ing season,  is  from  25  per  cent  to  30  per  cent  of  our 
heating  requirements,  in  addition  to  this  we  make 
a  very  fair  earning  on  the  steam  and  electric  plant 
combined ;  thus  far  we  have  practically  run  them 
together;  but  our  net  receipts  from  the  electric 
plant  have  appreciated  quite  a  bit  since  the  install- 
ing of  our  steam  plant.  Of  course  the  profit  on 
our  steam-heating  proposition  increases  in  propor- 
tion to  the  increased  volume  of  exhaust  steam,  and 
our  prospects  seem  better  as  we  increase  the  devel- 
opment of  our  electric  plant.  We  should  say  that 
any  electric  company  having  a  large  amount  of  ex- 
haust steam  ought  to  install  a  steam-heating  plant 
in  connection,  as  there  is  certainly  good  money  to 
be  made  from  selling  exhaust  steam. 
8      Steam  We    prefer    lighting    and    power   business.      W-e   are 

running  all  of  our  engines  condensing,  so  we  use 
live  steam  on  heating  system.     We  do  not  think 
there  is  much  money  in  it. 
Yes. 
No. 
Yes. 
No. 

Our  plant  has  been  fairly  profitable  and  would  be  very 
much  more  so  if  we  had  sufficient  day  load.  Heat- 
ing plants  can  certainly  be  made  lo  pay.  As  a  rule 
they  are  a  great  deal  of  trouble  and  require  con- 
stant attention.  This  is  especially  true  of  a  hot- 
waler  system,  although  I  consider  the  hot-water 
heating  system  more  efficient  than  the  exhaust- 
steam  heating  system. 
14      Steam  Yes. 
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Unless  plant  goes  to  pieces  like  the  "ooe-hou  ifaaj" — 
without  wamiog — jts. 

Yei. 

He  coDsider  beating  plant  good  thing.  Gitcs  perfect 
satisfaction  to  cnnomcrs  and  {ttjs  U  per  cent  on 
iovesiment. 

All  thingi  considered,  ye*. 

We  consider  the  heating  business  a  desirable  adjnnct 
to  oar  business. 

We  conld  make  more  money  by  expending  same 
amount  in  securing  new  electric  business. 

We  have  no  hesitancy  in  stating  that  after  having 
had  an  experience  of  three  years  in  steam- heating 
business,  the  first  year  using  live  steam  and  the 
past  two  years  using  exhaust  steam,  that  from  the 
latter  standpoint  our  mvestmenl  in  the  beating  btisi- 
ness  was  a  profitable  one. 

Haven't  had  time  to  think  otherwise^ 

Ves- 

Yes. 

Yes;  if  you  get  a  high  enough  price  to  start  on. 
Coal  has  doubled  on  us  since  we  started  and  we 
have  advanced  the  price  only  once,  from  25  cents  to 
37'A  cents.  Should  have  had  50  cents  from  the 
start,  [o  per  cent  off  if  paid  in  10  days.  This  is 
per  1000  pounds  condensation  meter  basis. 

We  do. 

From  financial  results  and  the  general  good  will  of 
the  public,  the  heating  system  has  been  of  great 
benefit  to  our  company  and  has  placed  us  in  a  posi- 
tion to  defy  competition. 

Yes. 

I  guess  so. 

Wc  consider  its  ctiief  advantage  is  in  enabling  the 
company  10  discourage  the  installation  of  isolated 
planlv 

Yes- 
Yes  ;  the  system  is  eminently  satisfactory  to  our  cus- 
tomers as  well  as  10  ourselves.  The  company  pays 
eiKht  per  cent  dividend.  We  estimate  that  our  net 
earnings  on  steam  healing  are  about  75  per  cent  of 
our  income  (or  ■iieam  service.  The  cost  of  operat- 
ing is  limited  almost  10  interest  on  investment,  the 
cost   of   e.xlra   back   pressure   on    our   engines   and 

.  wages  of  one  man.  We  are  so  well  satisfied  with 
our  experience  in  steam  heating  that  it  is  quite 
po-.>ihle  that   ivi-  ni.iy  conclude  to  extend  our   sys- 
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tem  very  considerably,  using  live  steam  for  such 
extension,  as  we  now  have  about  all  we  can  take 
care  of  with  our  exhaust. 

Yes, 

The  answer  to  this  question  can  be  inferred  from  tbe 
foregoing. 

Yes. 

Not  a  good  thing.  We  regret  the  investment.  We 
operate  largely  with  water-power  and  do  not  have 
much  exhaust  steam  for  heating. 

We  do. 

We  consider  the  system  perfectly  satisfactory,  and 
shall  probably  extend  the  mains  the  coming  sum- 
mer. 

We  certainly  do. 

Up  to  our  present  investment,  yes;  but  for  any  further 
investment,  no. 

No. 

Yes. 

We  believe  it  is  a  good  paying  investment  provided 
it  is  not  necessary  to  use  live  steam  with  the  ex- 
haust to  keep  up  the  pressure.  When  live  steam  is 
used  in  connection  with  exhaust  it  becomes  ex- 
pensive to  operate,  on  account  of  the  pipe  being  too 
large  and  becoming  a  medium  of  condensation  for 
live  steam  before  reaching  the  building  to  be  heated. 
I  would  advise  against  the  extension  of  exhaust- 
steam  system  further  than  exhaust  steam  will  sup- 
ply.   We  made  the  mistake  of  doing  this. 

Yes. 

Yes,  Thus  far  we  are  able  to  utilize  what  exhaust 
steam  we  have,  and  as  a  certain  amount  of  exhaust 
steam  will  take  care  of  so  much  radiation,  over  and 
above  that,  it  is  necessary  to  use  live  steam  or  per- 
haps fire  an  extra  boiler.  Our  experience  prompts 
us  to  say  that  when  it  becomes  necessary  to  resort 
to  such  a  plan  the  conditions  must  be  most  favor- 
able, I,  e.,  coal  at  a  very  fair  or  low  price  and  prac- 
tically no  leaks  in  the  mains  and  service. 

Yes. 

Yes. 

Not  given. 

We  are  inclined  to  answer  "No"  to  this  question,  bnt 
it  is  only  fair  to  say  that  the  business  here  was  not 
started  in  the  proper  way.  It  is  possible  that  the 
adoption  of  economizing  coils  and  meters  might 
materially  change  the  results. 
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ooarixi      smnt 

50  Steam  Ko. 

51  Steam  Y;s. 

52  Steam  We  are  not  prepared  to  aj. 


SUMMARY    ON     THE    DATA    RECEIVED 

Taking  the  tabulated  statement,  as  a  whole,  it  seems  clear 
that  the  companies  that  are  in  the  heating  business  are  generally 
successful.  Out  of  35  steam  systems,  31  state  and  show  by 
figures  returned  that  they  are  well  pleased  with  their  invest- 
ments. Out  of  15  hot-water  systems,  11  are  satisfied,  and  four 
are  not. 

The  best  financial  showing  is  made  by  those  companies 
that  charge  by  meters  and  cubic  feet  of  air  space,  and  insist 
on  the  use  of  economizing  coils  ;  that  inspect  and  supervise 
the  installation  of  buildings,  and  refuse  to  connect  or  give 
sen-ice  to  poorly  designed  heating  systems  ;  that  keep  separate 
accounts  of  heating  and  electric  revenues  and  expenses  ;  that 
have  recognized  the  value  a  heating  system  is  to  the  electric 
light  and  power    supply. 

It  is,  at  least,  a  coincidence  that  the  companies  making 
the  pKDorest  financial  showing  are  those  that,  from  a  lack  of 
knowledge  of  what  they  are  actually  doing,  are  unable  to 
make  definite  or  explicit  replies  to  some  of  the  questions 
asked. 

Replies  to  question  No.  16,  to  the  effect  that  no  difficulty 
is  apparent  in  securing  or  retaining  heating  patrons,  would 
indicate  that  in  most  casts  companies  are  not  receiving  as 
much  for  heating  service  as  it  would  cost  the  customer  to  do 
the  same  work,  and  prices  might  properly  be  advanced.  The 
comparative  costs  of  steam  and  domestic  fuel  do  not  seem 
to  enter  into  consideration  when  central-heating  service  has 
once  been  experienced. 

Ver}-  few  companies  would  change  methods  of  construc- 
tion, and  only  a  few  of  the  oldest  plants  report  difficulties 
with  the  main  lines.  Seven  companies  refer  to  changes  on 
service  line  that   would  be  of  benefit. 

The  important  charge  of  depreciation  has  not  had  the 
consideration  we  feel  should  be  given;  only  21  companies 
of  the  52  reporting  see  fit  to  provide  for  this. 

On    repairs,    most   companies  report    low  costs;    one  com- 


489 

pany  (No.  34),  in  business  16  years,  reports  only  "about  1.5 
per  cent  on  mains  and  services." 

The  question  of  returning  condensation  to  power-house 
seems  to  be  one  of  local  conditions.  Very  few  express 
favorably  on  constructing  plant  to  obtain  this  result,  while 
a  few  are  much  in  favor  of  it,  probably  due  to  local  situation. 

Replies  to  question  No.  34,  on  satisfaction  obtained  from 
investment,  seem  to  indicate  that  "District  Heating"  is  now  a 
success  and  can  be  made  more  so  if  central -station  managers 
will  co-operate  with  the  committee  for  the  general  good. 

As  a  matter  of  interest,  the  committee  would  state  that 
the  geographical  distribution  of  replies  received  to  the  circular 
letter  of  inquiry  sent  out  is  as  follows :  Alabama  i,  Con- 
necticut 1,  Colorado  i,  Georgia  i,  Indiana  5,  Illinois  8,  Iowa 
7,  Kentucky  i,  Kansas  i,  Maryland  i,  Missouri  i,  Massachu- 
setts I,  Michigan  3,  Minnesota  2,  New  York  a,  Ohio  4, 
Pennsylvania  6,  North  Dakota  i,  Rhode  Island  i,  and 
Wisconsin  t. 

The  committee  especially  desires  to  express  its  sense  of 
appreciation  for  the  splendid  response  to  its  questions  on  the 
part  of  operating  companies.  Such  hearty  co-operation  can 
not  fail  to  be  of  widespread  and  lasting  value  to  every  one, 
however  remotely  interested  in  this  enterprise. 

Yours  very  truly, 

'  E.  F,  McCabe,  Chainnan, 
Committee,  \  D.  F.  McGee, 

C.  R.  Mauksell. 
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DISCUSSION 

The  Presii>ent:    This  report  is  now  open  (or  discuision. 

Mr.  C.  H.  Parker  (Boston);  Mr.  President,  ihe  report 
of  the  committee  on  district  heating  is  excellent,  and  great 
credit  is  due  the  committee.  There  are,  hoivever,  a  number 
of  points  not  touched  upon  in  the  report  which  seriously  diange 
the  simple  building-heating  proposition  in  this  city.  I  have 
been  intimately  connected  with  two  steam-heating  systems  in 
Boston  in  the  past,  neither  of  which  could  be  reduced  to  the 
simple  proposition  of  heating  buildings  in  the  cold  months,  as 
the  customers  demanded  high-pressure  steam  all  the  year  round 
for  cooking  and  power  purposes.  One  of  the  systems  com- 
prised five  hotels,  one  lunch-room  and  bar.  one  theatre,  one 
turkish-liath  parlor,  and  eleven  oilier  buildings.  The  total 
radiating  service  of  this  system  was  a  little  over  30.000  square 
feet-  In  order  to  get  this  on  our  system  we  had  to  give  high- 
jrcssure  steam  all  the  year  round  to  the  following  apparatus: 
Five  large  hot-water  heaters,  one  hot-water  urn  for  afternoon 
tea.  and  so  forth;  eleven  coffee  urns;  ten  dish-warmers;  five 
steam  iable.i  or  serving  tables;  twcntj'-three  stock  kettles  and 
vegetable  boilers:  one  live  steam  jet  for  hot  water;  one  oyster- 
stew  pan;  one  egg-lx>ilcr;  one  dish-washer  and  engine;  two 
elevator  pumps:  one  ammonia  compressor  on  refrigerating 
s>'stem.  and  seven  small  pumps  used  for  pumping  bilge-water 
from  basements  below  the  level  of  the  main  street  sewer.  Alto- 
gether, there  were  sixty-nine  pieces  of  apparatus  taking  high- 
pressure  steam  all  the  year  round. 

Some  of  them,  of  course,  could  be  put  on  a  condensation 
meter,  but  some  of  them  blew  the  steam  right  into  the  material 
to  be  cooked  and  these  could  not  be  metered.  There  was  00 
way  of  eslimating  with  any  accuracy  what  their  all-year  con- 
sumption was.  as  a  test  made  one  day  might  not  come  within 
100  per  cent  of  what  it  was  the  month  before  or  what  it  might 
be  the  next  month.  Of  course,  the  steam  ends  of  the  engines 
and  pumps  could  be  displaced  by  electric  motors,  and  it  would 
pay  to  do  this  on  a  system  that  was  expected  to  continue 
indefinitely.  A  careful  test  of  four  months*  duration  in  this 
high-pressure  system  showed  a  yearly  consumption  of  about 
3500  tons  of  coal,  while  the  heating  of  the  buildings  used  1700 
tons  of  coal  during  the  season.    The  four  months'  test  referred 
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to  showed  that  the  heating  system  was  returniog  a  good  profit 
but  lliat  the  power  system — as  I  have  called  it — was  not  This 
whole  business  was  given  up  when  the  station  was  shut  down 
and  turned  into  a  substation. 

The  other  heating  system  was  not  so  badly  handicapped 
with  high-pressure  st<:am  customers,  but  still  there  were  some, 
notably  a  large  lunch-room  doing  practically  all  it*  cooldng  with 
live  steam,  a  gold-leaf  stamping  concern,  and  a  few  elevator 
pumps  and  engines.  There  were  twenty-two  buildings  heated 
by  tlie  exhaust  from  the  engine,  which  was  superheated  about 
125  degrees  in  the  boiler  flue.  One  and  a  half  to  three  pounds 
was  sufficient  to  do  the  heating  in  any  weather.  In  the  coldest 
weather,  however,  some  live  steam  was  needed,  but  not  a  great 
deal. 

In  this  plant,  also,  the  heating  was  very  profitable,  while 
the  high-pressure  steam  system  was  unprofitable.  'Ilicre  was 
very  little  on  this  system,  however,  that  could  have  been  meas- 
ured by  a  condensatioo  meter.  Considerations  entirely  outside 
the  heating  question  led  to  a  discontinuance  of  this  plant. 

My  experience  shows  me  that  a  pure  heating  business  can 
be  made  quite  profitable  in  a  city,  even  where  live  steam  is  used 
for  heating,  and  that  all  the  quantities  are  well  enough  known  for 
the  cost  to  be  closely  approximated ;  but  when  high-pressure  steam 
is  furnished  for  cooking  and  power  the  greatest  care  must  be 
taken  to  determine  the  steam  used,  for  the  quantities  will  sur- 
prise the  uninitiated.  The  only  fair  way  is  to  measure  all  con- 
densation by  a  meter.  Do  not  attempt  to  supply  steam  to 
another  man's  engine  or  pump  unless  you  assume  at  the  sam« 
time  all  repairs  needed  to  keep  it  in  condition,  for  the  owner 
of  an  engine  paNHng  flat  rate  for  steam  for  it  will  not  spend 
one  cent  for  repairs  unless  he  is  forced  to  do  so. 

I  should  like  to  ask  Mr.  McCabc  whether  or  not  the  con- 
ditions mentioned  above  obtain  with  other  companies. 

Mr.  E.  J.  Richards  (Kcwburgh.  N.  Y.)  :  I  ask  if  any  of 
the  members  can  give  any  information  as  to  the  deterioration 
of  their  mains  in  the  underground  construction? 

Mb.  McCabe:  In  answer  to  Mr.  Parker's  question — ^the 
committee  made  no  investigation  at  all  of  high-pressure  live 
steam.  It  has  come  to  my  attention  during  the  past  year  that 
a   great    number    of    high-pressure    steam    plants    were    total 
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failures;  therefore  your  committee  did  not  Ue\  like  telling  how 
to  handle  those  plants,  but  preferred  to  take  something  young 
and  vigorous,  so  confined  its  investigations  to  exhaust  steam  io 
<orneclion  with  the  electric-lighting  and  power  supply. 

As  to  the  deterioration  of  the  underground  mains,  I  will 
say  that  out  of  fifty-two  of  the  companies  reporting  only  five 
or  six  made  any  cliarges  for  deterioration  in  underground 
mains.  One  company  reported  an  expense  of  only  2.5  per  cent 
for  the  maintenance  of  underground  mains  for  fifteen  years; 
another  company,  in  business  eight  years,  had  no  expense  what- 
ever for  keeping  up  tlie  underground  mains. 

Mr,  Paul  Doty  (St.  Paul.  Minn.):  May  I  inquire  if  the 
committee  has  considered  to  which  account  the  net  earnings 
from  the  operation  of  the  steam  plant  should  be  credited?  They 
submit  a  form  for  a  comparative  statement  of  revenue  and 
expenses.  They  have  on  the  form  (line  15)  "Net  Earnings." 
What  I  should  like  to  know  is — is  steam  heating  treated  as  a 
residttal  account  and  credited  in  the  analysis  of  their  operating 
expenses  to  tlie  cost  of  coal  for  the  steam  generated,  or  do  they 
treat  the  earnings  from  the  steam-heating  plant  as  an  item  of 
iiKonie  and  credit  it  to  the  gross  earnings  account?  It  is  the 
practice  of  some  gas  companies  to  credit  the  revenue  received 
from  residuals  to  the  cost  of  coal  carbonized,  and  there  are  a 
variety  of  opinions  as  to  whether  or  not  this  is  the  pmptt 
method  of  procedure.  I  should  like  an  expression  of  opinion 
from  the  members  of  the  committee  in  r^^rd  to  the  disposi- 
tion of  the  revenues  derived  from  steam  heating  as  applied  to 
the  analysis  of  the  electric  operating  expenses. 

Mb.  McCabe:  It  is  the  recommendation  of  the  committee 
that  the  accounts  be  kept  separate  from  the  electric-lighting  and 
supply  accounts.  We  suggest  that  you  charge  to  the  heating 
account  that  amount  of  coal  per  kilowatt  output  used  during 
the  heating  months  above  that  used  during  the  non-heating 
months,  and  for  labor  and  e-vpenses  about  the  plant  we  recom- 
mend that  you  base  yoiu-  charges  on  the  amount  of  coal  fired 
to  your  boilers  and  charged  to  the  heating  system;  in  other 
words,  if  the  cost  of  labor  and  other  expenses  about  the  boiler- 
room  for  a  certain  month  were  $100  and  the  amount  of  coat 
chargeable  to  the  heating  system  was  25  per  cent  of  the  total 
used,  we  should  charge  25  per  cent  of  the  cost  of  such  labor 
,  and  expense — or  $25 — to  the  heating  system. 


Mk.  Dotv:  You  do  not  reconuncnd  that  the  revenue  be 
treated  as  the  residual  account? 

Mr.  McCabk:  No;  we  recommend  that  ihey  be  kq>l  entirely 
wparate. 

Mb.  RtCHASUS:  We  recommend  that  it  be  kept  as  a  separate 
account  when  possible.  In  our  case  wc  ircai  our  exhaust  &teun 
as  a  residual  and  credit  our  cual  account  with  the  UKOcne  from 
the  sale  of  steam.  We  realize  that  this  method  is  open  to  criti* 
cJsm,  but  with  our  present  operating  conditions  we  are  not  aMe 
to  define  what  portion  of  our  lK>iIer-ruuni  expense  is  chargeable 
to  steam  heating  and  what  portion  to  our  electric-lighting  ser- 
vice.   We  hope  next  season  to  be  able  to  separate  these  items, 

Mtt.  Oorv:  Your  practice  is  not  in  sympathy  with  the 
recommendation  of  the  committee. 

Mk.  Richakks  :  It  has  not  been  so  in  the  past,  but  we  think 
the  committee's  suggestion  a  proper  one  generally.  In  otir  plant 
the  only  item  of  boiler-room  expense  affected  by  the  heating 
business  is  that  of  coal. 

Mr.  McCabe  :  Very  often,  when  you  go  to  a  man  to  sdl 
him  power,  be  tells  you  he  has  to  heat  the  building.  I  have  had 
that  experience.  He  has  two  boilers  to  heat  the  building  and  it 
is  his  idea  that  he  oukIh  to  be  able  to  furnish  power  for  electric 
motors  from  these  boilers.  It  oftentimes  happens  that  in  our  manu- 
facturing establishments,  in  addition  to  supplying  (hem  steam 
from  our  underground  mains  we  can  also  get  a  coniract  for 
supplying  light  and  power,  which  we  could  not  otMato  if  we 
did  not  have  the  steam  plant. 

Mr.  Kiudall:  I  do  not  think  that  the  committee's  tepon 
takes  into  constderatiim  the  distribution  expenses,  which  include 
the  proportion  of  expense  of  management,  complaint  work,  and 
general  expenses.  There  is  no  (]ue»lion  but  that  these  faciors  are 
an  important  part  of  the  work. 

In  reply  to  the  question  of  the  gentleman  as  to  deprectatioa 
on  hot-waier  mains,  it  lias  been  the  experience  in  the  severBl 
plants  with  which  I  am  conrtected  that  there  has  been  a  great 
deal  of  money  lost  through  leakage  caused  by  expansion  and 
contraction  of  these  mains.  This  can  be  called  repairs  or  dcpre- 
ciation.  All  plants  (hat  put  in  U  bends  for  exhaustion  joints 
have  replaced  them.  Wooden  boxing  as  tnsalation  has  a  life  of 
about  ten  years  under  ordinary  conditions. 
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I  submit  a  fonn  that  seems  to  cover  all  items  that  I  think 
would  be  of  general  interest. 

Mr.  Artuub  Williams:  It  is  unquestionably  true  that  in 
nej^tiadng  large  contracts  the  supplying  companies  suffer  great 
disadvantage  tlirough  their  inability  to  supply  steam  for  beat- 
ing purposes.  The  suggestion  is  frequently  advanced  that, 
having  to  maintain  steam  scr\'ice,  the  additional  cost  of  sttppiT* 
iog  electric  light  and  power  from  that  source  is  very  slight;  or 
that  through  the  operation  of  a  plant  the  exhatist  steam  will 
be  sufficient  for  beating,  and  heat  may  therefore  be  obuined 
for  nothing.  In  this  argument  sight  is  lost  of  tlie  fact  that  the 
building  must  be  heated  before  occupancy.  At  thai  tiioe  there 
can  be  no  exhaust  »team  unless  the  machinery  is  operated 
unnecessarily  and  therefore  extravagantly;  consequently  only 
live  steam  can  be  used.  Steam  supply,  through  the  comfdica- 
tion  of  a  steam  engine  or  pump,  is  obtained  with  an  average 
expenditure  of  fuel  of  not  less  than  lo  pounds  per  indicated 
horse-power;  sometimes  as  high  as  ao  pounds.  Steam  heating 
directly  can  be  obtained  by  an  expenditure  of  five  pounds  of 
coal  per  boilcr-horse-powcr.  A  good  rule  to  follow  in  connec- 
tion with  this  matter  is  to  estimate  one  boiler-horse-power  for 
every  8000  to  15,000  cubic  feet  of  contents.  The  smaller  number 
relates  to  hotels,  apartments  and  office  buildings,  and  the  larger 
to  department  stores  and  buildings  of  that  nature.  Such  factors 
as  window  area  and  exposure  will,  of  course,  enter  into  final 
calculations,  but  the  figures  given  are  sufficiently  general  and 
broad  to  enable  anyone  to  obtain  an  approximately  accurate 
result.  The  coal  consumption  should  be  based  upon  an  average 
demand  of  three-fifths  of  the  maximum  and  an  average  coo* 
gumption,  as  before  stated,  of  five  pounds  of  coal  per  boiler- 
horsc-power.  The  possession  of  these  figures  wilt  be  found  an 
ad\-antage  in  negotiating  contracts  in  which  steam-heating  ser- 
vice enters  as  a  factor  in  the  final  dcterminatton. 

In  a  number  of  instances  we  have  offered  to  supply  steam 
from  the  boilers  on  the  premises,  using  our  own  men  and  fuel. 
In  no  instance  has  the  offer  been  accepted,  but  through  the 
medium  of  a  low  maximum  cost  placed  upon  the  heating  service 
it  has  had  the  effect  of  bringing  «*  the  desired  contract.  It 
will  be  found,  finally,  that  heating  service  can  be  supplied  at 
a  cost  to  the  company  of  from  .2  to  .35  cent  per  cubic  foot  of  con- 
tents, depending  upon  the  size  and  character  of  the  building. 
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'Vhe  I'hksikent:  li  there  is  no  further  discussion  we  will 
(irocced  ti)  the  next  report,  "Office  Methtxls  and  Accounting," 
l)v  Mr.  I'rank  \V.  Frucanff,  of  Denver. 


?.' 


REPORT  ON   OFFICE   METHODS  AND 
ACCOUNriNG 


To  cover  tlii»  subject  properly  one  must  coiMider  office 
methods  and  accounting  to  embrace  all  the  records  and  reports 
used  in  each  deiiarimuil  of  the  busim'ss.  as  from  these  record* 
and  reports  all  the  tina)  results  are  obtained. 

The  writer  behevcs  that  lu  an  incomplete  system  of  reconls. 
or  tu  a  loose  bandUng  of  a  good  system,  inucb  of  the  trouble  of 
management,  many  of  the  complaints  of  consumers  and  the 
public,  and  the  failure  to  secure  satisfactory  earnings  may  be 
traced.  Tlic  company  loses  much  in  not  securing  the  best  ef- 
forts of  its  employees  through  failure  to  know  just  what  they 
are  accomplishing,  and  can  make  many  savings  in  ojKration 
and  great  increase  in  its  profitable  business  by  knowing  through 
complete  accounting  records  the  cost  of  results  secured  in  each 
department  and  from  each  class  of  service,  Tlie  failure  to  go 
into  the  accounting  end  of  the  business  to  a  minute  degree  has 
rcsullctl  in  many  companies  not  knowing  where  ihey  were  drift- 
ing tu  the  matter  of  taking  on  of  new  business  and  has  kept 
them  in  the  dark  where  an  accurate  statement  of  operating 
results  would  show  an  opportunity  to  make  a  big  saving  by 
some  slight  expenditure  in  the  proiier  place. 

I  shall  make  no  attempt  to  go  over  the  systems  in  use  in 
each  department,  but  will  attempt  to  show  briefly  some  of  the 
newer  methods  employed  and  the  benefits  from  them. 

The  lighting  companies  throughout  the  country  ftre  bU 
making  an  effort  to  increase  their  sales  of  current  either  lo 
jircscnt  users  or  new  consumers,  or  by  taking  on  business  that 
was  formerly  done  by  isolated  plants  or  other  forms  of  power. 
These  conditions  have  necessitated  a  much  closer  study  of  costs 
and  receipts  and  have  resulted  in  a  much  finer  separation  of  the 
items  entering  into  the  cost  of  production  for  any  particular  class 
of  current  or  for  consumers  using  scr^-icc  in  an  unusual  way. 
The  usual  method  of  grouping  all  expenses  under  the  three  arlri- 
trary  heads  of  manufacturing,  distribution  and  general  expenses 
and  making  separation  under  them  for  different  sub-divisioiu 
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cle»ire<],  lias  only  given  average  cosl»  and  must  therefore  be  mis- 
Icading  for  purposes  of  figuring  for  new  business  to  be  secured 
or  fur  analysing  present  results  in  order  to  know  tlie  profit- 
able from  the  unprofitable  business. 

TIte  plan  of  ap|Kirlioniu}{  ibe  costs  of  operation  to  the  class 
of  current  niadc  and  of  separating  fixed  and  rariabic  costs, 
has  therefore  come  to  be  a  necessary  part  of  a  comjuny's 
report  of  operations.  This  plan  is  now  in  operation  among  m. 
number  of  companies  with  marked  success.  (For  analysis  of 
steam  generation  sec  Appendix.) 

The  expenses  occasioned  in  manufacturing  and  distribution 
for  any  one  class  of  current  are  kept  distinct  from  ihose  in- 
curred in  another,  so  that  the  actual  cost  of  manufacturing  and 
delivering  arc,  power  or  allernating  current  is  known  separately. 
Iliese  costs  for  any  one  class  arc  also  separated  to  sliow  the 
costs  that  are  fixed  as  distinct  from  those  that  arc  variable- 
For  example,  station  foreman,  meter  department,  shop  expenses, 
etc.,  arc  practically  a  fixed  expense,  that  is.  they  arc  an  expense 
resulting  from  the  size  and  running  of  an  electric  business  and 
do  not  noticeably  vary  as  the  business  may  increase  nr  decrease. 
Some  expenses  depend  upon  the  amount  of  current  made  and 
sold;  that  is  they  vary  with  the  output.  For  example,  boiler 
fuel,  firemen,  lamp  renewals,  carbons,  and  so  on.  A  third  class 
of  expenses  is  made  up  of  those  that  vary  with  the  number  of 
consiitncrs  supplied  or  number  of  meters  in  use.  Under  this 
head  may  be  included  meter  repairs,  are-lamp  repairs,  service 
repairs,  meter-reading  expense,  collection  and  office  salaries, 

With  the  cost  of  ctirrent  for  any  class  of  current  se])arate<l 
into  these  three  divisions,  it  is  possible  to  know  just  wliat  results 
are  being  obtained.  You  may  then  know  whtlher  or  not  your 
output  expenses  are  increasing  at  a  greater  rate  tlian  the  output 
and  if  the  expenses  proportioned  to  consumer  are  increasing 
faster  than  the  number  of  consumers.  In  figuring  rates  to  be 
made  to  secure  new  business  this  plan  of  separating  costs  is 
particularly  valuable.  For  example,  in  figuring  Id  take  on  a 
long-hour  burning  consumer  you  know  from  the  figures  of  costs 
that  the  fixed  costs  will  not  be  materially  increased,  nor  will 
the  consumer  expenses,  and  that  only  the  output  cost  will  be  in- 
creased. You  may  therefore  assume  that  this  business  can  be 
secured  at  a  very  low  figure  and  still  show  a  much  larger  mar- 


1^1)  of  jirofit  than  business  that  will  add  to  )-out  expenses  of 
caiMcily  or  consumers  while  only  sliowing  »  sma]!  amount  of 
curr«ii  used. 

COMPLAINTS 

The  electric  companies  arc  now  realizing  as  never  bc/<irc 
that  a  saltsfiiN]  consumer  is  one  of  their  besl  assets.  To  niakr 
or  hold  these  satisfied  consumers  requires  constant  and  care- 
ful watching.  A  dciurtment  of  the  business  is  established  where 
these  complaints  are  received  and  adjusted.  T1ic>'  tnusi  be 
Hystcinatically  followed  up  or  great  (lissaiisfaction  will  result. 
One  plan  in  use  is  to  record  all  romplaints  a>  receivwl,  sliowing 
the  date,  name,  address,  time  complaint  was  received  and  nature 
of  complaint.  From  this  record  ly[K.'wrttien  orders  in  duplicate 
arc  made  on  a  ^  x  5  slip,  the  original  being  sent  to  the  inspection 
department  immediately  and  the  duplicate  being  held  tu  insure 
the  return  of  the  original.  Tlie  order  is  given  to  an  inspector, 
who  attends  to  complaint  as  carefully  as  possible,  lie  tioics  on 
the  order  the  result  of  his  investigation  and  signs  it.  when  il 
is  returned  to  the  order  or  complaint  department.  The  date 
of  execution  and  name  of  man  is  entered  on  the  record  and  the 
duplicate  taken  from  the  jsick  of  oiit»lan<ling  orders.  .-K  reply 
postal  card  is  then  made  out  from  the  ^sec  Figure  i)  order. 
stating  that  complaint  had  been  made  of  certain  trouble  and 
asking  if  our  iiupcctor  had  attended  to  it  satisfactorily,  these 
cards  lieing  sent  in  answer  to  all  complaints.  The  reply  cards 
do  tiol  all  come  back,  but  we  are  sure  tlial  if  the  investigation 
or  work  has  not  been  satisfactory  consumer  will  be  sure  to  reply. 
If  an  unfavorable  reply  is  received,  an  order  is  sent  to  inspection 
department  calling  attention  to  unfavorable  report,  and  when 
work  is  again  completed  another  reply  card  is  sent.  The  original 
order  is  then  sent  to  the  filing  room,  where  all  orders  of  every 
class  are  filed  by  dates  under  the  street  number,  this  file  being 
used  for  reference  from  time  to  time  and  giving  a  complete 
history  of  all  work  done  by-  the  company  at  any  house  connected 
to  our  system. 

,\  daily  report  is  made  from  the  order  record,  showing  the 
number  of  complaints  received,  separated  by  classes,  and  showing 
the  ntmibcr  of  each  class  for  same  day  of  previous  year  and  ibe 
acomiidativr  numlwr  rect-ivcd  during  the  past  mi.>nth.  This  re- 
port is  sctil  to  the  general  manager  cadi  day  and  enables  him 
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to  keep  in  touch  with  the  troubles  coming  up.  At  the  close 
of  cacli  month  a  statement  is  prepared  showing  the  number  of 
complaints;  handled  by  each  inspector  and  the  number  from 
which  "  imsatisfartorv"  reports  were  received  on  the  reply  cards, 
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Denver,  Colo., , . 
On .......  190^,  you  rcpontd  


Kiiid[y  fElE  out  Ihc  rerurn    posrmi   cird,    HiAifng   vherher    ihe    miit?   his   been 
■([ended  lo,  to  your  HiiHUciion. 

Your  prompt  reply  will  be  ipprecfiled. 

Yonri  very  truly, 

The  DENVER  Gas  and  Electric  Co, 

TELEPHONE  400O  40e-4tft  BEVENTECNTH  «T 


fifi.  I— Return  Postal  Cari> 


also  sbowiii^  the  per  cent  of  satisfactory  work  done.  This  re- 
port, after  being  inspected  and  signed  by  the  general  manager, 
is  posted  in  the  inspection  department  where  all  men  can  see 
it     This   plan   of  compiling  the   efficiency   of  the   men   has  a 
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»1iIi:itiJi(l  effect  in  sliiiiulatiiig  iliem  to  careful  snti  thoroui-li 
work  on  all  onlers.  and  means  a  saving  of  linic  and  mi)iiey  lo 
ihi-  company  and  better  feeling  on  the  |Kirt  of  ilie  public. 

BlJKRAi;  OF  INFORMATION 
A  new  departure  in  the  office  is  tlic  establishment  of  a 
"hnrtan  of  information."  This  bureau  ia  located  in  llic  most 
conspicuous  point  in  the  office  and  is  tn  charge  of  a  clerk 
thoroughly  posted  on  all  );<^ncral  mailers  of  the  amipany.  His 
duties  are  to  direct  any  and  all  intiuirers  to  their  desired  point, 
such  as  application  window,  teller's  window,  niAnager's  office. 
appliance  ileiiariment.  etc.  He  has  charge  of  the  list  of  de- 
sirable vacant  houses  in  the  city,  and  upon  request  directs  the 
inquirer  to  the  real  esliiie  ngcM  who  has  the  property  in  cliargv. 
This  list  of  houses  includes  only  those  along  the  company's  lines 
or  mains  and  only  those  that  are  eijiiipiicd  to  use  the  company's 
service.  ISy  this  plan  we  are  able  to  get  newcomers  to  the  city, 
or  those  intending  to  move,  to  occupy  houses  where  we  can 
sui>ply  ilieni  withoiu  further  investment.  Tlie  list  is  revised  each 
day  by  reports  made  from  the  soliciting  and  application  depart- 
ments of  houses  connecte<I  aixl  disconnected.  In  connection  with 
the  bureau  of  information,  bulletin  boards  haxc  been  placet!  at 
each  plant,  shop  and  department  of  the  comjiany.  Upon  these 
boards  any  announcements  of  changes  of  reguIaiiotLs.  <t)>ecial 
inducements,  infonnaiion  of  panicular  ini|M}nance  lo  employees 
and  copies  of  all  new  advertising  matter  being  sent  out  arc 
posted,  in  order  that  the  employees  in  every  branch  of  the  busi- 
ness n;ay  be  kept  in  touch  with  what  is  going  on,  and  may  be 
in  position  to  talk  intelligently  if  questioned  when  attending  to 
llieir  duties,  or  after  hours. 


MCreR  RGADtN'C 

One  of  the  most  important  requirements  for  satisfactory  re- 
lations with  consumers  is  the  neccssii>'  for  accurate  meter  read- 
ing an<I  billing.  The  coupon  system  of  meter-reading  cards. 
originalcd  by  Mr.  S.  J.  Gias»  (see  Figure  2),  seems  to  be  the 
l>est  anil  safest  method  in  use.  Under  his  plan  a  slip  with  i^ 
coupons  attached  is  made  for  each  meter :  each  coupon  bears  an 
iitentifj'ing  number,  corresjwnding  with  the  account  on  the  coti- 
snmer's  ledger.     After  the  meter  has  been  rl;ad  and  bill  made 
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the  coupon  used  is  detached  and  filed  for  reference.  The  meter 
reader  then  has  only  the  meter  number  and  house  number  to 
direct  him  when  he  next  takes  the  reading.  By  this  plan  no 
readings  can  be  averaged  or  readings  put  down  without  actually 
seeing  the  meter,  and  as  the  man  has  no  previous  reading  to 
assist  him,  he  must  use  unusual  care  to  get  the  correct  figures. 
By  keeping  the  same  men  reading  each  month  and  through- 
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out  the  month  and  not  picking  up  extra  men  each  month  to 
take  statements,  a  considerable  saving  can  be  made,  as  men 
familiar  with  the  routes  can  make  much  faster  time  and  will 
not  have  to  go  back  to  get  meters  skipped  or  read  wrong  on 
the  first  trip.     The  plan  of  posting  a  list  of  all  mistakes  made 


by  the  meter  readers  will  also  iocnsue  the  efficiency  of  tfau 
(IcpartitKnt.  At  ibc  dote  of  cacli  RX»tb  a  list  b  posted  in  ttw 
depannienl  showing  tfac  ntmibcr  of  meters  md  fay  eadi  nan  aad 
the  number  uf  eirurt  diMoveretL  A  bonus  a  paid  to  cacii  man 
who  makes  no  mistakes  during  the  month.  One  mooth's  records 
show  13  men  rcarl  32.000  meters  with  a  total  of  but  et^t  crron 
made  by  all  these  men. 

OKFICC  lll5T.tKE5 

The  plan  of  recording  and  then  posting  a  list  of  all  erron 
made  by  the  consumers'  bookkeepers  is  fotlowed.  In  this  list 
appear  any  errors  or  omissions  made  by  ibaa,  tncludii^ 
in  rxtvni>ioiis,  or  calculation*,  failure  to  mid  bill  to  pvoper  ad 
dress,  omission  of  balance  owc<l  for  previous  period,  and  fc> 
forth.  This  posted  list  1u«  the  ume  stimulating  effect  as  the 
lists  of  errors  made  by  the  ntctcr  readers  and  irouMe-iten. 

In  the  general  oflin:  a  TJcy  rvgiMcring  time  clock  is 
AH  office  employees  arc  required  to  register  as 'they  come  tMO* 
and  leave  the  office.  From  litis  reconl  llic  office  time  is  kept. 
VtC  linil  >t  of  particular  value  in  impressing  promptness  upon  all 
employees ;  and  as  clerks  arc  on  tluty  from  seven  a.  m.  to  mid- 
night, it  is  possible  to  know  the  time  they  arrive  ami  leave  with- 
out requiring  the  chief  clerk  or  a  time-keei>er  to  note  ihcir 
mcnts.  A  list  is  posted  each  morning  of  any  who  have  registc 
late  ill  arriving  or  wlw  have  overstayed  the  hour  off  for  lundi. 
At  the  close  of  each  month  a  list  is  made  of  lliose  who  have 
been  |)ronipt  and  punctual  througliout  tltc  month. 


C.XRU  HKCORie 

The  use  of  card  index  records  in  offices  is  constantly  grow- 
ing an<l  is  satisfactory  for  most  piuposes.  We  are  now  using 
a  tiousc  record  (sec  I'igurc  3;  index  in  our  application  and 
order  dc|«rtnMmt.  A  card  was  made  for  each  house  connected, 
and  as  orders  were  taken  to  connect,  disconnect,  or  cliangv 
meter,  arc  lamp,  etc..  a  posting  to  this  cflfea  was  made  on  the 
house  card;  after  the  order  had  been  executed  the  <late  of 
execution  was  entered  on  the  card,  so  that  we  constantly  have 
a  record  of  our  standing  at  each  house.  Titis  has  done  away 
with  all  duplicate  or  wrong  orders.  L'nder  the  old  plan  nf 
listing  orders  in  a  book  or  books  we  frequently  sent  men  to 


S05 

rc-rtad  meters  for  a  new  tenant  when  we  had  just  ordered  the 
nieitr  returned  on  instructions  from  the  old  occupant;  but  with 
thf  liouse  card  to  refer  to  before  sending  order  to  shop  for 
execution,  a  wrong  order  is  detected  and  new  one  substituted  to 
cover  the  latest  development,  or  the  order  previously  sent  out 
is  ordered  recalled. 

Visible-writing  typewriters  with  card-holder  attachments  are 
used  on  all  orders  of  every  description.  We  find  by  their  use 
fewer  errors  in  copying  or  reading  addresses  and  that  names  of 
consumers,  being  more  legible  ilian  when  written  by  hand,  are 
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correctly  carried  through  the  records  and  to  the  addressing 
machine. 

The  filing  cabinet  referred  to  before  is  also  a  feature  in  the 
card  system.  A  guide  card  is  placed  for  each  street  and  number, 
and  back  of  it  are  filed  all  completed  orders  for  setting  or  re- 
moving of  meters,  complaints,  connection  of  apphances,  etc.  If 
it  is  desired  to  refer  to  any  original  order,  it  is  readily  located 
by  this  plan. 

For  the  record  of  stock  of  materials  carried,  a  loose-leaf 
system  is  in  use.  One  sheet  is  arranged  for  each  article,  show- 
ing amount  on  hand  and  received  in  one  column,  the  amounts 
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seiit  out  ill  anotlicr,  and  3  column  to  show  the  running  balance 
of  materials  on  hand.  Tliis  record  i%  kept  lo  show  both  the 
quantity  and  vahic  of  each  anicic  in  stock,  and  is  kept  up  each  day 
from  ihc  storekeeper's  rcpons  of  materials  received  and  setit  out. 

ACCUMULATIVP.  REPOMTS 

After  the  monthly  report  is  complete,  the  records  therein 
shown  arc  traii^fcrr<'d  to  loosif-Ieaf  sheets  containing  columns 
for  every  item  on  the  report ;  these  figures  are  carried  on  an  ac- 
cumtilative  basis  an<l  always  slww  the  results  for  the  past  twelve 
months,  this  being  done  by  adding  or  deducting  the  difference 
between  the  last  month  and  the  correspon<ling  month  last  yxzr, 
from  the  previous  yearly  total.  These  accumulative  figures  show 
much  more  clearly  any  real  increase  or  decrease,  and  arc  not 
misleading,  as  tlie  results  for  any  one  month  might  be.  From 
these  accumulative  sheets  a  year's  report  can  be  made  without 
any  trouble  or  delay. 

OFFICE  LABOR-SAVING  DEVICES 

In  Mr.  Anthony's  pa[>cr,  read  before  itie  convention  last 
year,  he  described  several  of  the  labor-saving  methods  in  general 
use.    I  will  therefore . refer  only  to  some  not  mentioned  b}-  him. 

RECEIPTINr.  UACHINIt 

We  use  a  Boettcscber  and  Knecht  machine  in  the  teller's 
cage  for  receipting  all  bills.  This  machine  is  driven  by  an  elec- 
tric motor.  The  bill  is  placed  in  front  of  the  machine  b>'  the 
teller,  who  then  touches  a  spring:  this  releases  the  lock  anil  sets 
the  machine  in  motion,  the  bill  is  drawn  under  the  roller,  the 
cou()on  cut  ofT  and  dated  and  <lropped  in  a  drawer  bctow  ami  (he 
receipted  bill  force<l  out  to  the  front  of  the  window,  where  h 
may  be  picked  up  by  tlie  consiuncr. 


ADI>I.\C  MACUIKE 

We  arc  now  using  an  adding  machine  made  by  tlie  Universal 
Adding  Machine  Company,  of  St.  Louis,  which  has  an  electric 
driving  attachment.  Instead  of  pulling  down  a  le\'cr,  as  with 
the  usual  adding  machine,  a  spring  is  touebctl  which  sets  the 
machine  in  motion  and  performs  the  same  office  as  the  lever. 
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SELF- ADDING  SHEETS 

These  arc  a  simple  arrangcmcnl  used  in  tabulating  results 
(see  Figure  4),  sudi  as  number  of  meters  or  consumers  gained 
or  lost,  and  so  forili.  The  sliccts  arc  ruled  for  units  and  every 
tenth  space  i«  so  marke<).  Wbcii  all  marks  are  down  the  number 
of  vertical  spaces  times  the  number  of  horizontat  spaces  used 
shows  the  toUil  desired. 

SLIDK  RULE 
The  slide  rule  frequently  used  in  engineering  work  can  be 
made  to  play  an  imgwrtant  i>art  in  modern  office  metbods.  Clerks 
can  be  easily  instructed  in  its  use  and  calculations  requiring 
multiplication  or  division  worked  out  in  much  less  time  than  by 
the  old  methods. 


THE  TU.MCHER  CALCULATUK 
This  machine  made  by  the  Keiiffel  and  Esser  Company,  ol 
New  York,  wc  have  found  the  greatest  labor  saver  yet  tried. 
All  costs  and  receipts  are  worked  nut  im  the  reix>rt>  on  a  basis 
of  current  made  or  sold.  With  several  hundred  separations, 
it  will  require  a  couple  of  days'  lime  to  do  the  division  required. 
By  the  use  of  the  calculator  tlic  results  may  be  set  down  as  fast 
as  one  can  read  the  numbers  on  the  machine.  This  macliine  is 
unique  in  construction  and  easily  understood.  Where  a  con- 
stant multiplier  or  divisor  is  used  the  results  are  shown  more 
quickly  than  with  any  of  the  other  calculating  machines.  Tliis 
feature  therefore  nmkcs  it  particularly  valuable  in  use  on  monthly 
rejxjris. 

TUBE  SV.STEM 
A  tube  system,  such  as  is  used  in  department  stores,  has  been 
of  great  benefit  to  us.  Wc  have  connection  at  all  windows  in 
the  accounting  office  direct  with  the  bookkeeping  and  collection 
rooms.  If  a  copy  of  a  bill  is  desired  or  explanation  required,  the 
detail  can  \k  secured  in  much  less  lime  than  by  going  to  con- 
sult the  books  and  leaving  ihc  consumer  waiting.  We  are  able 
to  do  all  bookkeeping  work  on  another  floor  of  the  building, 
which  is  away  from  all  the  disturbance  of  the  public  office.  We 
find  that  by  ibis  plan  our  bookkeepers  arc  able  to  handle 
more  accounts  and  with  fewer  interruptions. 
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TABULATING  MACHINE 

We  are  installing  a  Hollreith  electric  tabulating  machine. 
This  machine  is  now  in  successful  operation  in  a  number  of 
railway  accounting  offices,  in  some  large  factories,  and  was  used 
bv  the  United  States  Census  Bureau  in  compiling  its  statistics. 
The  equipment  consists  of  two  parts:  The  punch,  into  which 
properly  printed  cards  are  set,  transfers  the  information  by 
punching  a  hole  in  the  proper  space.  When  all  information  has 
been  transferred  to  the  punched  cards  they  are  set  in  the  tabu- 
lating machine,  which  sorts  them  into  several  kinds  and  then 
compiles  the  information.  It  is  our  intention  to  use  this  machine 
to  tabulate  our  records  of  all  consumers,  to  show  the  possibihties 
of  each  class  of  business,  and  to  use  it  in  making  up  the  pay- 
rolls. Use  will  also  be  made  of  it  in  our  engineering  depart- 
ment in  keeping  track  of  our  current  made,  sold  and  lost,  of  the 
various  types  and  efficiencies  of  transformers  and  meters. 

Your  reporter  received  his  appointment  at  such  a  late  date 
as  to  prevent  his  making  inquiries  among  the  different  members 
as  to  their  experience  with  any  new  office  methods  or  labor- 
saving  devices,  I  have  therefore  only  mentioned  some  of  the 
methods  now  employed  in  the  Denver  office.  We  have  en- 
deavored to  keep  in  touch  with  all  the  newer  plans  suggested  for 
accounting  and  for  labor  saving,  and  have  adopted  any  that 
seemed  to  have  advantages  over  those  previously  employed. 

Respectfully  submitted, 

Frank  W,  Frueauff. 


APPENDIX 


Steam     Genehation 

analysis 

This  analysis  is  to  enable  us  to  determine  what  proportion 
of  the  generating  expense  should  be  cimrged  to  each  class  of 
current  sent  out  from  the  station.  The  generating  apparatus  for 
the  different  kinds  of  service  is  usually  not  of  the  same  efficiency. 
To  compensate  for  this  we  apply  the  average  efficiency  of  the 
apparatus  to  the  output  in  kw-hours  of  each  class  of  current. 
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Tbb  gives  Ml  at  the  throttle  ralre  of  the  et^iac  tbc  eqtuvatctM 
of  the  output  from  each  clzss  of  cunvm.  From  tfais  potat 
the  generating  expenses  propontoaal  to  output  are  taotnmon. 
Having  this  equivalent  steam  energy,  we  can  divide  the  geaer- 
atiag  expeosc  in  the  same  proportioa  thu  this  cquivaleiM  energy 
apjjcars.  ThU  woald  (^vc  us  expense  proporlional  tu  out|>ut 
that  thuuld  be  chargeitl  to  each  class  of  service.  Tbc  expenses 
proportional  to  capacity  should  be  divided  in  proportion  to  the 
rapacity  of  each  clax  of  ap[>arata«  in  the  siaiicn. 


IIISCIj-SSIOK 

The  Pre.siucnt:    The  paper  is  open  for  discussion. 

Mr.  Dcm:  I  desire  to  say  for  the  beneAt  tif  the  aMocta- 
tioo  that  Mr.  Fnieatiff  has  'Itricribcd  a  very  cormplcte  and  modem 
method  nf  IcecfMng  the  n-ciirdi  <if  the  office  woric  and  office 
accounting.  His  system  is  practically  in  operation  at  Denver, 
and,  as  most  of  you  getitlemen  knuw,  some  good  things  come 
mit  of  IJenvcr.  Tlie  report  represents  a  great  deal  of  carcfnt 
work  on  the  part  of  Mr.  Frucauff.  and  I  am  sure  the  associa- 
tion is  indebted  ti>  him  for  his  care  and  hts  labor  in  the  pre- 
sentation f>f  this  report. 

Mb.  a.  S.  Knight  (Bo«tonl:  I  am  very  sorry  Mr.  Fme- 
atiff  i*  not  Iterc,  hecau»e  I  am  afraid  that  in  his  absence  the 
discussion  will  not  be  especially  profitable.  I  was  anxio<»  to 
ask  htm  in  reference  to  his  mclhoal  of  distributing  his  expenses. 
He  recites  what  appears  to  l)e  rather  a  novel  *y»teni  of  propor- 
tioning his  expense  and  one  that  seems  to  mc  rather  difficult  to 
apply  to  large  companies,  awl  if  there  is  an^xme  here  repre- 
senting him  I  should  be  glad  to  know  more  of  the  details  in 
regard  to  tbc  methods.  He  appears  to  classify  them  differently 
from  the  usual  ciistmn — applying  to  each  class  of  his  earnings 
a  certain  portion  of  the  expenses. 

Mk.  Dotv:  Mr.  Irvin  Riitterworth.  the  president  of  the 
Denver  romiiany.  is  lierc;  perhaps  he  can  answer. 

Mr.  BuTTKKwoitTU :  I  do  not  think  1  can  go  into  that  sul>- 
ject  on  the  present  occasion  sufficiently  to  make  it  of  interest, 
but  the  system  can  be  explained  in  private  conversation  with 
any  of  the  gentlemen  at  any  time.  The  system  at  Denver  fol- 
lows that  employed  in  all  the  gas  an<l  electric  companies  of  which 
Mr.  Emerson  .McMiltin  is  ihc  head.     The  various  managers 


a[)i"^inte([  a  conimittee  to  devise  a  uniform  system  of  account- 
ing, and  that  committee  perfected  the  system  that  we  are  all 
following.  Wc  think  the  results  obtained  by  it  are  very  satis- 
factory. 

Mr.  Uuknett:  I  inquire  of  Mr.  Butterworth  if  the  com- 
mittee of  wliich  he  speaks  took  into  account  this  question  that 
recently  arose  in  a  case  in  which  I  am  interested:  We  have 
been  dividing  our  expenses  into  general  expenses,  cost  of  manu- 
facture, and  cost  of  distribution.  I  should  divide  these  costs  as 
follows :  Cost  of  generation,  cost  of  distribution — namely,  the 
cost  of  bringing  the  current  to  the  meter — and  then  cost  of 
application ;  that  is,  on  the  customer's  side  of  the  meter,  which 
would  include  the  cost  of  maintenance  and  trimming  of  arc 
lamps,  incandescent  renewals  furnished  free  to  the  customer, 
and  any  special  wiring  done  to  secure  the  customer's  busi- 
ness, installation  of  electric  signs,  and  so  forth.  Is  it  desirable 
to  separate  the  cost  of  application  from  the  cost  of  distribution? 

ilK.  Doty:  I  will  say,  in  reply  to  the  question  of  the  pre- 
vious speaker,  that  the  four  general  heads  into  which  the  elec- 
tric operating  expenses  are  divided  are:  Manufacture,  distri- 
bution, collection,  and  general  expense;  and,  in  addition,  dis- 
tribution and  collection  expense  are  divided  proportionately  to 
the  "consumer's  charge"  and  the  "meter  charge."  Further, 
an  analysis  is  made  in  order  to  determine  a  proper  proportion 
of  "fixed"  and  "variable"  operating  expense;  that  is,  expenses 
proportional  to  "output"  and  "plant."  There  is  a  separate 
account  for  "promoting  new  business,"  to  which  is  charged  all 
the  expense  incurred  in  securing  the  business. 

THe  Presipknt:  If  there  is  no  further  discussion  we  will 
proceed  to  the  paper  on  "A  Proposed  System  of  Standard 
Instruments  for  Operating  Companies,"  by  Mr.  H.  P.  Davis, 
of  Pittsburg. 


Mr.  DavU  read  tlie  following  paper: 

A  PROPOSED  SYSTEM  OF  STANDARD  INSTRU- 
MENTS FOR  OPERATING  COMPANIES 


Electrical  etiKiiiccring  is  an  exact  science.  Its  unilt  of 
measurement  are  definite  and  precise,  and  permit  accurate 
calculation  of  nioute  quantities.  In  the  design  and  manufacture 
of  electrical  appliances,  the  mathematical  formulae  used  and 
the  engineering  methods  adopted  result  in  a  degree  of  exacti- 
tude that  it  not  equalled  in  any  other  branch  of  commercial 
science.  With  the  increase  in  electrical  knowledge  and  ihe 
widespread  industrial  adoption  of  this  form  of  energy'  for  the 
production  of  power  and  light,  the  requirements  of  apparatus 
^ave  become  more  severe  and  the  standards  of  efliciency  have 
;rown  constantly  higher,  until  the  laboraioiy  standards  of  a 
few  years  ago  have  been  transferred  to  ordinary  commercial 
ser^'ice,  and  the  present  basis  of  operation  is  one  which  a 
decade  ago  would  have  been  deemed  academic  and  unpractical. 

The  causes  for  this  state  of  affairs  arc  not  hard  to  find. 
The  development  of  cicctfical  devices  has  been  eagerly  pursued 
by  a  host  of  inventors  and  engineers,  and  there  is  keen  rivalry 
in  all  parts  of  the  electrical  field.  To  generate  electricity  at 
the  lowest  cost;  to  transmit  and  utilize  the  greatest  propor- 
tion of  the  energy  produced  and  to  measure  most  accurately 
(he  output  and  consumptiun,  are  the  ends  sought  in  modern 
electrical  engineering,  and  the  eager  strife  to  achieve  pre- 
eminence has  done  much  to  raise  the  standards  of  accuracy 
to  their  present  point. 

The  managers  of  central  stations  have  also  done  much  to 
induce  a  higher  standard  of  efficiency  by  their  careful  and 
constant  balancing  ol  coal  against  kilowatts,  their  active  search 
for  possible  leakages,  and  their  readiness  to  adopt  new  devices 
which  promise  to  yield  better  results.  Generator  losses,  trans- 
former losses,  line  losses  and  meter  losses  have  received 
unremitting  attention,  and  the  manufacturers  of  electrical 
appliances  have  found  that  the  only  articles  that  are  received 
with  favor  are  those  that  show  a  high  standard  of  efficiency  and 
accuracy  in  performance.  Instances  are  known  where  station 
managers  who  have  made  a  change  in  transformers  have 
changed  an   annual  deficit  into  a  dividend,  and   where  those 
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wbo  h«ve  replaced  old  types  nf  service  meters  with  modern 
iouniments  have  (ouod  that  the  production  recorded  at  llic 
station  has  cIomI)'  approximated  the  sum  total  of  the  service 
meter  readings.  Thus  engineers  have  been  spurred  to  greater 
efforts,  not  only  by  a  rivalry  smnng  themselves,  but  by  the 
urgings  of  the  users  of  electrical  appliances  whose  demands 
create  the  market.  There  is  no  other  line  of  appliances  in 
which  cflicicncy  counts  (or  so  much  and  in  which  a  reduction 
in  price  to  compensate  for  an  inferiority  in  design  or  perform- 
ance oilers  so  little  attraction. 

Increased  efRciency  in  t)ie  generation  and  utilization  of 
electricity  necessitates  increased  accuracy  in  tlic  instruments 
designed  to  measure  production  and  consumption,  and  the  ser- 
vice instrument  that  will  not  in  actual  practice  operate  within 
two  per  cent  of  accuracy  is  not  considered  worthy  of  considera- 
tion. The  sensibility  of  the  laboratory  appliance  is  combined 
with  the  strength  and  stability  of  the  field  instrument,  and 
the  result  is  a  system  of  measuring  devices  that  with  proper 
care  will  give  exceedingly  accurate  tcsitlis. 

Such  instruments  require  occasional  tests  and  comparison 
with  standard  instruments  of  undoubted  reliability,  for  their 
extreme  sensibility  and  delicacy  of  adjustment  make  lliem  as 
liable  to  injury  from  the  wear  and  hardships  of  usage  as 
other  high-grade  mechanical  devices  of  similar  nature.  The 
testing  or  standard  instruments  to  be  of  value  must  be  superior 
to  those  with  which  ihcy  are  compared,  possessing  great 
readability  and  accuracy,  permanency  of  calibration,  simplicity 
and  convenience  in  manipulation,  and  freedom  from  disturb- 
ance by  local  influences. 

That  the  instruments  now  used  as  standards  are  painfully 
inadequate- for  many  kinds  of  work,  and  are  lacking  in  many 
important  particulars,  is  well  known  to  those  at  all  familiar 
with  the  subject.  Tho!>c  tliat  have  the  desired  accuracy  and 
reliability  are  complicHted  and  rctjiiire  an  unusual  degree  of 
skill  and  painstaking  in  their  use.  while  those  that  are  most 
generally  used  and  have  the  advantage  of  portability  and  case 
in  handling,  have  secured  their  superiority  in  one  direction 
by  sacrilicing  important  features  in  another  and  thus  do  nut 
fully  and  satisfactorily  answer  the  purpose  for  which  they 
were  designed. 

As  an  illustration  of  the  lack  of  adaptability  of  this  latter 
class  of  instruments,  the  calihraiion  of  integrating  wattmeters 
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them  upon  a  fair  connicrciat  basis  for  the  use  of  opcratinic 
companies :  and  thus  to  give  the  purchasers  the  benefit  of 
their  exceptional  facilities  for  designing,  manufacturing  aod 
maintaining  their  accuracy  in  use? 

It  Is  not  necessary  ihac  these  standards  take  thr  place 
of  ordinary  portable  instruinenls  (or  the  general  ruo  of  ser- 
vice work  in  which  a  very  high  degree  of  accuracy  is  not 
required,  but  they  should  be  provided  for  the  calibration  of 
other  instruments,  especially  those  requiring  long  ranges. 
such  as  integrating  wattmeters,  and  practically  to  furnish  in 
commercial  form  copies  of  the  legal  reference  standards. 

The  service  rendered  by  manufacturers  of  such  standard 
instruments  could,  it  would  seem,  be  advantageously  extended 
to  cover  their  care  and  re*caili  brat  ion  after  ihcy  were  put  ioio 
the  hands  of  purchasers.     The  technical  training  required  for 
their  design  and  manufacture ;    the  extreme  nicety  observed 
in  every  detail,  which  makes  extreme  accuracy  a  fixed  habit  ; 
the  exceptional  facilities  for  calibrating  and  the  possession  of 
primary  standards  of  the  highest  possible  degree  of  accuracy, — 
all    combine     to     make    the     manufacturers    of    these     instru- 
ments the  best  able  to  care  for  them  thereafter.     They  would 
be   most  familiar   with    the    peculiarities  of  each   instrument, 
and    their  records   of   performance,  taken   from   time  to  time 
as  the  instruments  were  presented  for  checking,  would  enable 
them  to  give  each  an  individual  attention  it  would  not  other. 
wise  have. 

By  taking  upon  themselves  the  responsibility  (or  the  per- 
petual accuracy  of  the  standard  lusiruinenis  and  by  thus 
furnishing  the  purchaser  with  an  Insurance  against  inac- 
curacy, limited  only  by  the  length  of  life  of  the  device,  it 
would  seem  that  their  value  to  the  user  would  be  consider- 
ably  enhanced,  and  their  field  of  usefulness  enlarged.  There 
would  be  a  distinct  advantage  in  having  such  a  service 
made  as  nearly  universal  as  possible,  and  in  having  the 
care  and  calibration  of  such  instruments  centralized,  in 
order  that  a  uniformly  high  grade  of  accuracy  might  be 
secured,  such  as  can  nut  be  obtained  with  the  present  system, 
in  which  the  owner  is  interested  only  in  the  continued  accu- 
racy of  his  standard  instruments,  which  come  from  various 
sources  and  are  calibrated  in  different  establishments. 

A  part  of  the  trouble  with  prevailing  standards  is  caused 
by    the    lack    of    attention    to    their    re-calibration.     This    is 
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partly  due,  doubtless,  lo  the  cost  of  having  the  standards 
checked,  and  pdrtly  lo  the  lenfcih  of  iltne  ordinurily  required 
fur  ihe  operation.  To  render  the  b»t  service  under  the  pl»n 
suggested,  the  manufacturers  o(  ihe  instruments  should 
make  no  chut-ge  for  re- calibration,  and  should  see  to  it  llwt 
prompt  return  is  made  lo  the  owners.  It  might  even  be 
found  advisable  to  ask  owners  to  send  in  insirumenis  to  be 
checked,  when  a  considerable  period  had  elapsed  withcui 
such  attention.  The  owner  would  be  al  no  expense  except 
for  carriage,  and  should  have  no  hesitancy  in  sending  his 
instruments  to  the  makers  for  attention  when  desired.  The 
testing  depanmcnts  of  operating  companies  would  thus  be 
kept  in  contact  with  a  single  standardising  bureau  or  depart- 
ment whose  certificates  should  rank  in  excellence  with  those 
of  the  best  and  most  favorably  known  government  bureau  or 
the  most  famous  standardizing  laboratories. 

To  render  such  a  system  successful  requires  an  ingtni> 
mem  far  superior  to  all  present  types,  and  lo  cover  the  field 
properly  the  assortment  should  be  made  up  of  voitmcters, 
ammeters  and  wattmeters.  Their  principle  of  operation 
should  be  such  as  lo  give  equal  indications  on  either  alter- 
nating or  direct  current,  and  they  should  not  be  affected  by 
forces  other  than  those  they  are  required  to  measure,  thus 
eliminating  any  influence  of  external  fields.  They  should 
admit  of  very  accurate  readings  of  scale  deflections  at  any 
point,  and  the  estimation  of  fractional  parts  of  divisions 
should  be  avoided  so  far  as  possible,  especially  if  the  divi- 
sions are  unequal.' 

Moreover,  their  indications  should  be  "dead-beat,"  To 
render  negligible  the  eSects  of  friction,  the  controlling  force 
should  be  large,  and  the  friction  of  moving  pans  small. 
This  necessitates  a  ^upport  lor  the  moving  part  to  enable  it 
to  withstand  a  considerable  amount  of  rough  usage  without 
injury  or  increase  of  friction. 

The  carrying  capacity  of  the  various  circuits  of  the  instru- 
ments should  be  such  that  no  errors  due  lo  heating  will  be 
introduced,  and  in  addition  to  this,  the  temperature  coefficient 
of  the  instrument  as  a  whole  should  be  small. 

The  construction  of  the  movable  parts  should  be  such 
that  violent  changes  in  the  quantity  being  measured  can  pro- 
duce no  injurious  results,  and  the  instruments  should  be  so 
made   as    to   allow    shipment    or   transportation    with    positive 
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assurance    that    the    calibration    will    be   unaffected    from    the 
consetjiient  jars  ami  shocks. 

This  presents  what  seems  to  be  an  ideal  condition  which 
may  be  made  real.  The  present  conditions  certainly  demand 
an  improvement,  and  the  method  outlined  presents  what  is 
believed  to  be  a  feasible  and  adequate  remedy  for  existing 
deficiencies  Would  it  not  be  worlh  the  while  to  attempt  to' 
bring  alK>nt  a  new  order  of  things?  Would  not  a  general 
feeling  of  confidence  in  its  testing  standards  and  an  improve- 
ment in  adaptability  be  welcomed  by  the  operating'  companies 
in  general?  Would  it  not  \k-  mwsible.  by  a  concerted  effort, 
to  bring  into  use  a  new  system  of  standardization  on  these 
lines  whicJi  will  prove  of  siifficicni  value  to  repay  the  thought 
and  labor  expended  u]Kin  it  and  shall  be  in  keeping  with  the 
conditions  in  other  portions  of  the  electrical  field?  The  subject 
is  .turely  one  worthy  of  ci>nsidcration. 

Mk.  Dlsm  \.\  :  I  think  a  staienient  about  this  matter  ',vas 
made  two  years  ago.  ai  the  Cincinnati  convention,  and  I  should 
now  iike  to  know  wliat  progress  lias  hecn  made  and  to  wliat 
extent  we  may  avail  mirselves  of  the  Inirean? 

Mu.  H.  P.  D.\\is:  So  I'ar  as  I  know,  the  Governineiit 
bureau  is  e<|iiii>i>in,i,'  to  laki-  care  of  tliis  work.  Its  equipment 
is  not  sufficient.  1  ln-Heve.  at  present  to  take  care  of  all  lines, 
hut  it   is  gradually  getting  into   shajK'. 

Mh.  Dl■s^r\^■:  Within  ilie  last  tJin-e  months  I  had  a  dif- 
ference in  the  reailiiiL;,-  of  some  ammeters.  The  readings 
involved  were  only  n|>  to  ahont  (1.5  amiieres.  hut  the  standard, 
as  rei>orte{[  by  one  inannfucHiring  concern,  was  .2  amjiere  out 
as  conipareil  witli  the  test  re[xiried  by  (he  manufacturer  of 
another  insiruuient.  jlotli  claimed  that  the  instruments  had 
been  tested  by  their  standards  in  tlieir  very  expensive  labora- 
tories. We  are  ~till  wailing  for  a  final  rei>nrt  from  them  on 
tlii'i  iliii'erciHe, 

'l"ii(-:  I'Ki.-nuNi;  The  mxi  iiapec  o!i  the  progratnme  is 
entitled  ".^ingle-Pliase  !  '■  'Wer  M.  itor*  for  Elect  ric-Ligh  ting 
Stations,"  be  >[r,  W.  .\,  LaMuan,  of  St.  I. ■mis. 


The  following  paper  was  preseiiled  by  Mr.  Layman: 

SINGLE-PHASE    POWER    MOTORS    FOR 
ELECTRlC-LiGHTlNG  STATIONS 

The  single-phase  alternating-current  power  motor  may 
properly  be  considered  by  the  central-station  man  from  two 
points  of  view  : 

(a)  The  adequate  performance  of  the  motor,  service  con- 
ditions being  satisfactory. 

(b)  The  relative  simplicity,  cost  and  efficiency  of  the  dis- 
tribution system,  the  motor  being  entirely  satisfactory. 

The  first  consideration  is  the  manufacturer's  problem, 
and  unless  solved  by  him  there  is  no  occasion  for  a  discus- 
sion of  the  second. 

The  writer's  discussion  of  this  subject  is  based  upon  the 
following  assumptions; 

First— That  the  single-phase  motor,  except  for  variable- 
speed  work,  is  to-day  the  substantial  equivalent  of  the  direct- 
current  motor. 

Stcand — That  polyphase  and  single-phase  types  of  motors 
are  not  competitive. 

Third — That  simplicity  of  generating  equipment  and  sys- 
tem of  distribution  are  of  paramount  importance  in  the 
profitable  development  of  central-station  service. 

In  such  a  discussion,  central  stations  divide  themselves 
naturally  into  two  classes — the  large  and  the  small. 

The  writer's  views   as  to  the    proper  form    of  alternating- 
current    equipment   and    distribution    for   these    two    types    of 
plants,  arc  as  follows: 
(a)   For  Large   Planti 

Polyphase  generators,  with  switchboard  arranged  for 
operating. 

First — Polyphase  feeders  for  all  large  power  and  rotary- 
converter  service. 

Second — Singte-phasc  feeders  for  all  general  lighting 
service  and  for  all  small  power  work,  the  switchboard  facili- 
ties being  such  that  any  single-phase  feeder  may  be  switched 
to  either  phase  of  the  generator  'busses.  Where  a  system  of 
substations    is    employed,    feeders    from    main    to    substations 
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should  be  polyphase  with  provision  in  ihc  substation  for  poly. 
phase  power  distribution  in  large  units,  and  siagle-phase  dis- 
tribution for  all  other  kinds  of   service. 

ThirJ — Independent    feeder    regulators    for    all    polj-phase 
as  well  as  single-phase  feeders. 

(b)   Fur  Small  Slations 

Either  single-phase  generators  with  single-phase  feeders, 
each  feeder  being  operated  with  independent  pressure  regula- 
tor ;  or  polyphase  generators,  with  single-phase  feeders  that 
may  be  thrown  by  the  proper  switchboard  devices  to  either 
)>hase  of  the  generator,  and  each  feeder  provided  with  inde- 
pendent pressure  regulator. 

This  policy  with  respect  Co  siaiion  and  distribution  equip- 
ment is  advocated  in  tlie  conviction  that  the  single-phase  power 
motor  affords  the  alternating-current  station,  polyphase  or 
single  phase,  the  ideal  means  for  distribution  of  small  power  ; 
also  on  the  assumption  that  no  valid  reason  exists  why  small 
motor  service  should  not  be  given  from  incandescent-lighting 
distribution  mains.  I  lake  it  that  every  central-station  operator 
prefers  single  to  polyphase  distribution,  and  that  no  central 
station  engineer  will  extend  polyphase  distribution  beyond  the 
limits  of  the  actual  necessities  from  an  economical  and  en- 
gineering point  of  view.  It  therefore  remains  only  to  establish 
clearly  in  any  given  locality  the  extent  to  which  single-phase 
distribution  meets  all  actual  service  requirements.  Coming  in 
contact  with  central-station  men  all  over  the  country,  in  an 
endeavor  to  widen  the  use  of  single-phaae  motors,  has  enabled 
the  writer  to  state  that  a  wide  difference  of  opinion  exists 
between  central-station  men  as  to  the  extent  to  which  single- 
phase  motors  should  be  employed  and  central-station  distribu- 
tion systems  correspondingly  modified.  This  difference  of 
opinion  arises  from   doubt  on    the   following  points; 

First — That    the    single-phase    motor  is  a  reliable   device. 

Second — That  the  cost  of  installation  of  the  single-phase 
miiiiT  is  actually  much   less  than   that  of  the  polyphase. 

Third — That  satisfactory  single-phase  motor  service  can 
be  given  from  polyphase  generators. 

Fourth — That  single-phase  motors  can  be  satisfactorily 
operated   from   lighting  circuits. 

Relinhility  of  Sin^le-phasf   Moton 

That   the  single-phase  motor  is  a  practicable   and  reliable 


device  is  evidenced  by  the  fact  that  approximately  1500  mo- 
tors arc  in  operation  in  the  city  of  Chicago  alone.  There  are 
also  many  hundreds  in  Boston,  Philadelphia,  St.  Louis,  and 
other  large  cities,  while  in  the  smaller  towns  thousands  arc 
in  successful  use.  Several  manufacturers  now  advertise  sin- 
gle-phase motors,  and  the  company  that  I  represent  has  beer. 
building  them  with  great  success  since  1897.  There  is  no 
question,  however,  that  considerable  scepticism  exists  as  to 
the  complete  success  of  this  type  of  motor.  This  scepticism 
is  lar);ely  the  outcome  of  several  early  attempts  to  exploit 
synchronous  single-phase  motors  that  were  complete  failures. 
There  is  also  some  indifference  to  the  virtue  of  the  single- 
phase  motor  where  the  polyphase  system  has  been  installed, 
and  operating  engineers  are  not  familiar  with  the  degree  of 
success  attained  elsewhere  with  the  single-phase  motor.  There 
are  many  central-station  engineers  in  this  association,  how- 
ever, who  will  bear  me  out  in  the  assertion  that  at  least  one 
type  of  single-phase  motor  on  the  market  to-day  is  thoroughly 
reliable  and  is  comparable  in  practically  every  respect  to  the 
best  shunt-wound  direct-current  motors,  and  also  the  best 
polyphase   motors. 

Comparalive  Cost  of  lastallalion  of  Single  and  Polyphase  Motors 
I  have  said  above  that  polyphase  and  single-phase  mo- 
tors are  not  competitive.  From  the  manufacturer's  point  of 
view  they  may  be  to  some  extent,  but  from  a  central-station 
and  engineering  point  of  view  they  are  strictly  non-competi- 
tive. The  cost  for  installing  a  polyphase  motor  is  so  much 
in  excess  of  the  cost  for  a  single-phase  motor,  that  no  cen- 
tral station  can  afford  to  give  polyphase  motor  service  where 
single-phase  will  meet  the  requirements.  This  excess  of  cost 
consists  in  line  wire,  cross-arms,  step-down  transformers,  sec- 
ondary wiring,  meters,  etc.  I  am  informed  by  a  prominent 
central-station  engineer  that  he  has  been  able  to  effect  a  sav- 
ing of  $100  in  the  first  cost  of  service  equipment  for  every 
5-hp  to  lo-hp  single-phase  motor  installed.  The  saving  for 
the  larger  sizes  of  motors  is  considerably  greater.  As  indicat- 
ing the  saving  in  transformers  alone,  see  Figure  i,  in  which 
there  is  a  comparison  of  transformer  costs  for  single,  two 
and  three-phase  motors. 

This    comparison  is  based  on    the    adaptation  of  standard 
sizes  of  transformers.      It  will  be  observed  that  the  excess  in 
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cost  of  transformers  varies  from  about  25  per  cent  for  Iwo- 
phase  motors,  to  an  average  of  about  50  per  cent  for  three- 
phase  motors,  operating  on  two  transformers.  There  is  a 
further  substantial  and  constant  central -station  saving  in  the 
core  and  copper  losses  of  transformers,  arising  from  the  losses 
of  two  or  three  small  transformers  for  a  polyphase  motor 
greatly  exceeding  those  of  one  transformer  (or  the  same 
capacity  in  single-phase  motor.     See  Figure  i. 

The.  investment  saving  alone  is  leading  some  of  the  largest 
central-station  companies    to    require    single-phase    motors  for 
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Fin.  I — Ci'RVEs  .Sno\viN<;  Excfss  •■?  First   Cust  <>f  Transformers  f.ir 

MlLIII'II.VSE    as   CoMr'AKFU    WITH    SIM.I.L-I'HASE 
tTh«e  cufTM  are  b:i^fc1  on  yrirc  li*i  rf  rnc  of  ilie  tAr^e  companici) 


all  iniitallations  within  certain  ca;>acitie5.  Taken  with  the 
saving  in  transformiT  losses,  am!  the  simplification  of  distribii- 
tiun  system,  this  relatively  Imv  cost  of  installation  is  bringing 
about  a  radical  changL-  <if  ideas  as  Irt  alternating-current  dis- 
tribution. One  Mcll-knoivn  engineer  has  slated  that  the  saving 
in  pole-line  space  arising  trnm  the  use  of  single-phase  feeders 
is  alone  a  sufficient  argument  in  favnr  of  single-phase  motors. 
Within  the  last  year  it  has  thercfurc  come  about  that  some  of 
Dur  best  companies  are  no  lon'.;cr  attempting  a  general  poly- 
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phase  distribution,  but  now  run  out  polyphase  feeders  to  large 
power  units  only. 

Single-phase  Motors  on  Polyphase  Generators 

The  small  central  station  has  very  little  use  for  a  poly- 
phase generator.  In  not  one  small  town  in  a  hundred  does 
there  exist  a  single  instance  of  power  service  that  can  not  be 
adequately  handled  with  a  single-phase  motor.  A  few  years 
ago  this  was  not  the  case,  and  some  polyphase  generators  were 
installed  in  small  towns.  Recently  many  of  these  have  modi- 
fied their  switchboard  arrangement  and  are  now  operating 
generators  as  single-phase  machines  at  approximately  80  per 
cent  of  the  polyphase  rating.  In  the  larger  cities,  polyphase 
generators    arc   justifiable,    the    multiplicity    of     single-phase 
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Fill.  3— Curves  Showing  Excess  of  Transformer  Losses  for  Multiphase 
Motors  as  Compared  with  Single-phase 


circuits  alone  making  them  desirable.  Single-phase  service 
can  be  satisfactorily  given  from  any  polyphase  machine.  All 
the  plants  of  the  Public  Service  Corporation  of  New  Jersey, 
approximately  15  in  number,  all  those  of  the  United  Gas 
Improvement  Company,  also  of  the  Boston  Edison  Company, 
ihe  Philadelphia  Electric  Company,  the  Chicago  Edison  Com- 
pany, the  Cincinnati  Gas  and  Electric  Company,  and  a  great 
many  others,  are  giving  tho/oughly  satisfactory  single-phase 
motor  service  from  iheir  polyphase  plants,  and  also  from 
polyphase  feeders.  These  stations  are  coming  to  regard  the 
single-phase  motor  as  offering  difficulties  not  appreciably 
greater  than  an  incandescent  lighting  load   of   the   same  size 
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subject  to  sudden  application  to  their  systems.     I  am  informed 
that    two   of    the  largest   syndicates — namely,    the   Public  Ser- 
vice   Corporation    of    New    Jersey,    and    the    United    Gas    Im- 
provement Company — have  determined  upon  a  central  station 
policy    that    calls    for    adherence,    as    closely    as    possible,    to 
polyphase   generators   governed   by   automatic   pressure   regu- 
lators,   with    single-phase    feeders     controlled     by    individual 
pressure  regulators.     I  am  also  informed  that  these  companies 
have    inaugurated    a    very    energetic    policy    of    expansion    of 
single-phase  motor  service,  using  many  of  the  same  expedients 
to  secure  single-phase  moior  subscribers  as  are  used  by  some 
of  the  leading  gas  companies  in  extending  fuel-gas  consump- 
tion.     The     balancing    of    the    load    on    a    polyphase    system 
becomes  in  a  considerable  measure  of  minor  importance  when 
individual  feeders  are  equipped  with  pressure  regulators. 

In  the  city  of  Chicago,  the  outlying  substations  are  fed 
from  the  main  generating  plants  by  three-phase,  four- wire 
trunk  lines.  From  substations  single-phase  feeders  are  carried 
out,  each  of  these  feeders  running  from  one  side  of  the  three- 
phase  circuit  and  the  neutral.  Each  single-phase  supply 
circuit  is  equipped  with  an  individual  pressure  regulator,  and 
each  feeder  thus  becomes  absolutely  independent  of  all  other 
feeders,  both  as  to  load  and  pressure  regulation.  It  is  the 
practice  in  a  great  many  polyphase  plants  to  require  the 
installation  of  single-phase  motors  for  all  service  connections 
up  to  a  certain  point,  and  to  give  preference  to  single-phase 
installations  above  thai  point  where  the  general  distribution 
svstem  will  take  the  Ijad  without  disturbance  of  lighting 
service.  The  Public  Service  and  I'niied  Gas  Improvement 
companies  are  installing  single-phase  motors  up  to  and 
including  35  horse-power.  The  Cincinnati  Gas  and  Electric 
company  is  using  single-phase  motors  of  15  or  less  horse- 
power capacity,  and  considering  larger  installations  individu- 
ally on  their  merits.  In  Chicago,  I  am  informed  that  motors 
of  5-hp  or  less  are  required  to  be  single-phase,  and  larj^cr 
installations  are  considered  individually  on  their  merits. 

Sentiment  is  constantly  changing,  and  the  next  year  will 
see  a  rapid  developmeni  of  the  policy  of  throwing  down  the 
bars  to  single-phase  motor  business,  and  confining  the  use 
of  polyphase  motors  more  and  more  to  large  service  installa- 
tions. 
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StHgU-phase  Motor' Seniee  from  Lighting  Circuits 

The  difficulty  of  giving  satisfactory  motor  service  from 
lighting  circuits,  without  the  disturbance  of  tights,  has  been 
very  largely  overestimated.  Il  has  been  the  writer's  experi- 
ence that  the  factors  necessary  to  satisfactory  single-phase 
motor  service  from  lighting  circuits,  in  the  order  of  their 
importance,  are  about  as  follows  : 

First — The  control  of  feeder  pressure  by  means  of  indi- 
vidual feeder  regulators.  The  cost  of  these  regulators  is 
negligibly  small  when  their  value  in  the  elimination  of  service 
difficulties  is  fully  appreciated. 

Second — Adequate  feeder  capacity  for  an  equivalent  total 
load  of  incandescent  lighting. 

Third — A  sufficiently  large  and  properly  selected  type  of 
rransformer.  A  transformer  suitable  for  incandescent  service 
wjli  not  necessarily  be  suitable  for  motor  service,  as  some  of 
ihe  commercial  makes  of  transformers  that  give  good  regula- 
lion  on  lighting  load  give  very  poor  regulation  on  motor 
load.  A  properly  selected  lighting  transformer  will  be  entirely 
adequate  for  good  motor  service. 

Fourth — Installation  of  the  single-phase  motor  in  such  a 
manner  as  to  hold  down  the  current  demand  from  the  cir- 
cuit in  starting. 

This  last  consideration  comes  back  again  to  the  operat- 
ing characteristics  of  the  motor.  The  motor  with  which  I 
am  most  familiar,  namely,  that  manufactured  by  the  Wagner 
Electric  Manufacturing  Company,  possesses  two  character- 
istics that  contribute  admirably  to  the  minimizing  of  disturb- 
ance effects  of  frequent  starting.      These  characteristics  are  : 

(a)  A  very  high  power  factor  of  starting  current. 

(b)  A  large  excess  of  starting  torque,  which  permits  the 
use  of  a  non-inductive  starting  rheostat,  making  possible  the 
holding  down  of  the  starting  current  without  loss  of  suf- 
ficient starting  capacity. 

The  Wagner  type  of  motor  starts  as  a  repulsion  motor 
:ind  at  the  instant  of  starting  develops  a  torque  of  two 
and  one-half  times  full-load  torque  for  full-toad  current,  or 
five  times  fuil-load  torque  for  the  maximum  rush  of  current 
when  rheostat  is  not  in  use.  In  sizes  of  5-hp  or  less, 
it  is  the  usual  central-station  custom  not  to  use  starting 
rheostat;  for  »he  larger  si^es  starting  rheostats  are  now^juite 
generally  used.       These  boxes  are  of  the  standard  dir«ct-Cur- 
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rent  type,  without  automatic  release,  and  when  used,  ttae 
starting  power  factor  on  the  motor  varies  between  90  and 
95,  developing  full-load  torque  from  rest  to  full  Speed  with 
a  current  that  does  not  exceed  one  and  one-fourth  times  full- 
load  current.  Where  the  motor  load  varies  between  wide 
limits  and  is  of  a  pulsatJng  character — which  tends  to  set  up 
current  waves  in  the  feeder — it  is  advisable  to  install  a  small 
flywheel,  which  seri'es  to  straighten  out  the  current  demand. 
Where  large  motors  are  located  at  the  end  of  long  feeders, 
it  is  also  frequently  desirable  to  require  the  Starting  of  these 
motors  on  an  idle  pulley,  in  which  case  a  negligible  disturb- 
ing effect  results.      It   is  always  well  to  use  a  transformer    of 
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ample  capacity,  since  good  single-phase  motors  are  capable 
of  carrying  temporary    overloads  of  from    30   to    50  per   cent 

They  will  not  develop  such  loads,  however,  without  corre- 
sponding transformer  capacity.  As  indicating  how  the  capacity 
of  an  induction  motor  will  drop  off  with  a  falling  off  of  the 
line  pressure,  see   Figure  3. 

For  normal  full  load,  it  is  usually  necessary  and  sufficient 
to  install  about  one  kilowatt  of  tr^insformer  capacity  for  one 
liorse-power  of    motor  capacity  on  60-cycle  circuits. 

Siii^le-pkase   Motors  for    High    Frtiiucneus 

So  far  as  1  am  aware,  there  is  but  one  manufacturing 
company  supplying  single-phase  motors  for  115  and  133  cycles. 
The      Wagner     motor     for     these     frequencies     is    not    quite 
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so  good  a  motor  as  for  60  cycles,  but  is  in  all  respects  ade- 
quate to  good  motor  service.  There  is  therefore  no  reason 
why  small  high-frequency  plants  still  scattered  over  the  coun- 
try should,  for  the  sake  of  securing  motor  load,  abandon  their 
existing  transformer  and  generator  equipments  and  adopt  a 
lower  frequency  of  current  supply.  There  are  a  number  of 
instances  of  central  stations  of  150-kw  capacity  giving  133- 
cvcle  motor  service  almost  up  to  the  maximum  capacity  of 
ihc    plant. 

Thf  Deiirability  of  Motor  Load  for  Central  Stations 

The    energetic    development   of  motor    load  on    large  dis- 
tributing systems  is  evidenced  by   the   following  load   curves 


Fri.  4— Kw-Hturu  Output  at  Service  Mrtkr.  CnrcAGO  Edison  Company 
AND  Commonwealth  Electric  Cumpanv 

^Scale  nnly  indicitea  rcUtirc  figur^t,  actual  liifurn  brine  confidenliil) 


kiniily  furnished  Ihe  writer  by  Mr.  Louts  A  Ferguson,  of  the 
Chicago  Edison  Company.  It  will  be  observed  that  on  Janu- 
ary 1.  1899,  the  average  power  load  on  the  Chicago  Edison 
circuits  was  24  per  cent  of  the  total  load.  Observe  the  re- 
markable development  of  power  business  between  that  and 
July  I,  1903,  when  the  average  power  load  became  46.5  per 
cent  of  the  total  load.  That  the  Chicago  Edison  contract- 
ing department  was  not  neglecting  the  lighting  business,  is 
evidenced  by  the  very  handsome  increase  of  114  per  cent  in 
lighting  load.  But  the  energy  with  which  the  motor  business 
has  been  pushed  is  indicated  by  the  remarkable  increase  of 
-35  per  cent  in  motor  load.  These  curves  leave  no  room  for 
doubt   as   to   why   the  Chicago   Edison   Company   is   making 
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such  R  splendid  success  of  its  business.  As  evidence  of  ener- 
(rctic  development  elsewhere,  I  am  also  able  to  furnish,  through 
the  courtesy  of  Mr.  H.  C.  Hutchison,  of  the  Cincinnati  Gas 
and  Electric  Company,  the  following  curve  showing  the  expan- 
sion of  their  motor  business  during  the  last  six  months  of 
1903.  It  will  be  observed  that  in  six  months  the  motor  busi- 
ness of  the  Cincinnati  Gas  and  Electric  Company  has  in- 
creased 15  per  cent,  this  gain  being  based  on  a  very  heavy 
initial  load. 

A  central  station  may  properly  be  regarded  as  a  manu- 


J-ilif      Xuf.     a^|^.     0.r. 


N'.o.       Drt.     Jim. 
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facturing  plant,  and  the  same  principles  of  operation  apply 
(o  it  as  to  any  manufacturing  institution.  There  must  be  the 
greatest  possible  simjililication  of  output:  production  must  be 
maintained  on  as  nearly  uniform  basis  as  possible;  the  full 
productive  capacity  must  be  sold  and  all  by-products  utilized 
in  every  available  way.  Until  a  few  years  ago,  electrical  cen- 
tral stations  wrre  essentially  lighting  stations,  and  many  of 
them  came  into  existence  to  do  municipal  street  lighting. 
To-day,  however,  conditions  are  materially  changed.  Com- 
panies arc  incorporated,  and  are  giving  service,  as  light,  heat 
and  power   companies. 
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Tht    Special   Value  of  Motor  Load  to  Small  Stations 

TherR  has  been  a  rapid  increase  in  the  number  of  small 
stations  giving  heating  service.  To  such  plants  motor  busi- 
ness is  an  absolute  necessity,  as  otherwise  Steam  necessary 
for  heating  service  ceases  to  be  a  by-product,  and  the  profit- 
able conduct  of  a  heating  system  by  an  electric-lighting  plant 
becomes  doubtful.  Statiops  with  auxiliary  heating  service 
can  afford  to  offer  extremely  liberal  inducements  in  the  way 
of  low  rates  for  motor  business,  and  the  single-phase  motor 
becomes  an  especially  valuable  adjunct  under  such  conditions. 
There  is  a  rapidly  increasing  number  of  instances  where  small 
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Fic.  6— Alter  NAT  ISC-CUR  ftENT  Power  Rate  of  the  Chicago 
Edison  Company 


central  stations,  through  the  medium  of  single-phase  motors, 
have  been  able  to  take  on  the  municipal  pumping  service. 
A  noted  instance  of  this  is  at  White  Hall,  Illinois,  where  the 
municipal  pumping  load  is  taken  on  immediately  after  the 
lighting  load  goes  ofT  at  night.  This  load  continues  through 
the  night  and  is  cut  o9  in  time  lo  avoid  interference  with 
the  day  motor  service  beginning  at  seven  o'clock  in  the  morning. 
White  Hall  is  a  town  of  1500  population,  and  a  single  too- 
kw  generator  is  giving  service  to  a  motor  load  of  something 
over  100  horse-power. 
3-1 
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The  Day  CirdtU  as  a  Factor  in  Ike  Building  Up  of  SmaU  Towns 
It  is  a  remarkable  fact  tHat  the  small  central  station  ^vtng 
day  motor  service  is  one  of  the  strongest  elements  in  the 
building  up  of  a  small  town.  Labor  coaditions  in  ibe 
large  cities  are  forcing  ihe  establishment  of  small  branch  fac- 
tories in  outlying  towns  and  villages.  These  branch  factories  are 
usually  small  institutions,  individually  considered,  and  it  does 
not  pay  to  operate  power  plants  in  them.  Such  factories 
gladly  become  power  subscribers  for  the  central  station,  and 
the  ability  to  get  this  kind  of  service  influences  the  location 
of  many  a  plant  of  this  character.  Washington,  Missouri, 
is  a  town  of  3000  population  about  50  miles  west  of  St.  Louis. 
The  recent  establishment  of  day  service  has  immediately  re- 
sulted in  the  location  at  that  point  of  a  branch  shoe  factory, 
of  which  the  motor  load  is  sufficient  to  pay  the  day  operating 
expenses  of  the  electric-lighting  plant.  There  is  immediate 
prospect  of  the  location  of  several  additional  factories  at 
Washington,  and  I  am  informed  that  the  entire  central-station 
aspect  is  so  changed  as  to  now  justify  the  building  of  a  new 
plant  and   the    installation  of  larger  generating  capacity. 

Pixiver  Raits  for   Si'ij^U-zAiise   Motor   Scri'ici: 

Frequent  inquiry  is  made  as  to  the  proper  rates  to  be 
charged  subscribers  for  motor  service.  As  indicating  the 
rates  in  force  by  several  companies  thai  are  actively  pushing 
the  motor  business,  the  schedules  of  the  Chicago  Edison  Com- 
pany (see  Figure  6),  the  Peoria  Gas  and  Electric  Company, 
of  Peoria,  Illinois,  and  the  Cincinnati  Gas  and  Electric  Com- 
pany are  appended. 

This  paper  might  be  continued  at  some  length,  but  the 
above  will  suffice  as  a  basis  for  further  discussion  of  the  sub- 
ject  in  open  session. 

ALTERNATING-CIRRENT    I'OWER    RATES   OF   THE   PEORIA  GAS 
ANT)   ELECTRIC  COMPANY,   I'F.ORIA;  ILLINOIS 
0   to     100  ku'-hnuis   ciin^^umtrl   durlni,'    ]    monlh,   10  cents  per  kw-hoor 
ic>[    "     300  "  "  "  [         ■■  9       "  " 

;n(    '■     300  "  "  "  1         "  S       "  " 

31J1    "     joo  "  '"  ..         J         ..  ^      ..  ,1 

41)1    "  500                                  "  "  I  "  6  "  " 

501    ■■  700                                 "  •■  1  "  5  "  " 

701    "  iixiei                                 "  "  I  "  4  "  " 

1001    "  ifuo  "                    "  "  1  "  3-5  "  " 

isol    "  SiiOO  "                    '"  ..  ,  ..  J  ..  ., 

Oi-er  looo  "                    "  ""  I  "  i.S  "  " 

Ten  per  ccnl  ilistouiii  >n\  all  Mils  jialil  beCure  or  <>n  the  tenth  ol  the 
monlh. 
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ALTERNATING-CURRENT   POWER  RATES   OF   THE    CINCINNATI 
GAS   AND  ELECTRIC  COMPANY,  CINCINNATI.  OHIO 

Base   raLe,    ici  cents   per   looo    wau-hours. 

Discount 
On  consumption  in  t  month  of ,  less  than    100,000  watt-hours,   10  per  rem 
"  "  100,000  to  900.000  "  20 

'■  "  aoo.oou    "  300,000  ■'  30 

"  ■'  300,000   "  400,000  "  40 

"  400000    "  800,000  "  50 

over  800,000  ■'  60 

Additional   discount  of  live  per  cent  for   the   payment  of  bills  on  or 
before  the  fifth  day  of  the  month  following  date  of  bill. 

DISCUSSION 

Mk.  HALi.ufKc:  During  the  past  year,  while  in  the  employ 
of  the  Cincinnati  Gas  and  Electric  Company,  I  had  an  oppor- 
tunity Co  observe  the  application  of  the  single-phase  motors 
ajiplied  to  polyphase  systems  of  distribution.  When  I  tO(rf£ 
charge  of  the  Cincinnati  plant  the  usual  practice  was  to  install 
three-phase  motors  for  all  purposes,  excepting  fan  motors  and 
small  power  motors,  which  were  single-phase.  After  the  first 
month  or  two  several  instances  came  under  my  observation 
where  small  three-phase  motors — .75-hp  to  five-hp  in  capacity — 
were  connected  to  the  system,  each  requiring  three  trans- 
formers, two  meters,  one  three-pole  switch,  and  one  three-pole 
cut-ont.  In  addition  to  the  above  equipment  for  the  motors, 
an  additional  transformer,  meter,  two-pole  switch  and  two-pole 
cut-out  had  to  be  installed  for  the  lighting  service. 

After  some  consideration  it  was  decided  that  the  smaller 
sizes  of  three-phase  motors  should  be  excluded  from  the 
system,  in  order  to  cut  down  fixed  charges.  It  was  found  that 
the  additional  expense  of  service  connections  for  polyphase 
motors  amounted  to  anywhere  from  $25  to  $125  more  than 
for  the  single-phase  motor,  depending  upon  the  size  of  the 
motor.  A  circular  was  then  issued  to  all  dealers  in  electric 
motors,  informing  them  that  on  and  after  a  certain  date  the 
Cincinnati  Gas  and  Electric  Company  would  not  connect  poly- 
phase motors  of  smaller  capacity  than  15  horse-power  to  their 
alternating-current  system,  excluding  elevator  motors  and  motors 
for  special  purposes  where  the  power  was  intermittent  and  of  a 
constantly  varying  quantity,  in  which  case  three-phase  motors 
could  be  used.  The  general  practice  is  to  run  the  three-phase  lines 
or  polyphase  lines  to  a  centre  of  distribution  and  then  branch  off 
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from  that  centre  to  the  various  points  wh«re  the  power  is  to  be 
distributed,  by  means  of  two  wires  comprising  one  phase  of 
the  generated  current.  Under  this  condition  tlic  uiiglc-pliasc 
motor  can  be  used  to  good  advantage  to  takfl  on  customers  who 
can  not  1>e  supplied  with  three-phase  current  without  a  great 
deal  of  additional  expense  for  ruuntug  the  extra  wires  to  their 
praniscs. 

The  ftict  that  the  same  transformer  can  be  used  for  single- 
phase  motor  service,  arc  and  incandescent  lighting,  simplities 
the  service  construction;  and  the  single-phase  motor  requires 
only  one  meter,  and  that  of  tiie  simplest  type. 

Thc  first  cost  of  service  for  the  single-phase  motor  is 
reduced  to  a  minimum,  as  is  also  the  cost  of  maintenance.  The 
meastiremenl  of  the  power  by  one  single-phase  meter  can  be 
relied  upon  to  be  more  correct  than  if  a  polj'phasc  meter  or 
two  single-phase  meters  have  to  be  used,  as  is  the  case  for 
two-phase  or  three-phase  motors.  This  latter  point  is  important, 
especially  if  a  number  of  moUirs  arc  used  in  a  factory  and  it  is 
necessary  to  measure  and  record  the  iwiwer  used  ih  each  depart- 
ment or  by  each  motor,  as  referred  to  in  Mr.  Ferguson's  dis- 
cussion of  the  reiKirt  on  power  distribution  in  factories.  The 
wiring  of  a  factory  or  building  for  single-phase  motors  can  be 
done  in  the  simplest  manner  and  at  a  lower  cost  than  if  poly- 
phase motors  are  used.  All  of  these  points  should  be  considered 
when  selecting  altcrnaling-currcnt  power  motors. 

The  PKEsinKNT:  We  will  now  revert  to  a  report  that 
should  have  been  considered  at  the  first  session,  that  of  the 
committee  on  photometric  values  of  arc  lamps,  Mr.  Henry  L. 
Dolicrty,  chairman. 


Mr.  Doherty  made  the  following  report: 

REPORT  OF  THE  COHMITTEK  >t>R  INVESTIGATING  THE  PHOTOUETRIC 
VALUES  or  ARC  t^MPS 
Mr.  President  and  Cenllemen:  Owing  to  the  illness  of  Dr. 
Matthews,  we  have  not  done  any  work  during  the  past  year. 
Dr,  Maliliews,  beeau-se  of  hard  a|>|>Iicalion  to  his  various  duties, 
was  incapacitated  l>y  trouble  with  his  eyes.  We  expected  him  lo 
be  hack  at  work  again,  hut  he  has  been  unable  lo  use  his  eyes, 
and  the  coumiittee  has  done  no  work. 
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Th«  contnultce  was  ortfjrtnally  appointed  u  a  conuniuee  on 
the  pbotonictric  values  of  arc  lamps  at  a  time  when  the  inclosed- 
arc  lamp  wax  making  a  great  bid  for  popularity.  There  was 
some  question  about  ils  ilUintitiating  value,  ils  dijiribution 
bdng  so  different  from  that  of  the  old  direct-current  lamp; 
and,  its  color  being  so  dilTerent,  it  did  not  lend  itself  readily 
to  photometric  deteriTiinatioiis.  The  committee  worked  mi  tJie 
direct-current  arc  lamp,  on  the  alternating-current  arc  lamp,  and 
on  the  alternating  inclosed-arc  lamp ;  but  before  it  completed  the 
work  newer  forms  of  lamps  were  in  the  field — tlic  Ncrnst  lamp, 
for  instance.  The  committee  also  ascertained  the  photometric 
values  of  lamps  other  than  electric  lamps,  such  as  the  Welsbacb 
tamp  and  the  open-tip  gas  lamp. 

Your  cumniittee.  fruni  the  i^tandpoint  of  the  arc  lamp,  has 
done  its  work ;  perhaps  not  completely,  but  more  completely 
than  the  average  committee  appointed  for  work  of  this  kind  in 
an  association  of  this  character,  which  is  not  entirely  a  technical 
association.  There  are  other  lamps  constantly  coming  on  the 
market,  and  your  committee  has  worked  for  four  or  five  years. 
Fart  of  the  expense  <>f  the  work  has  been  liorne  l>y  the  indi- 
vidual members  of  the  committee,  and  nearly  all  the  expense 
has  been  covered  by  individual  subscriptions,  thus  relieving  the 
association  of  any  burden. 

The  committee  is  ready  to  continue  the  work  or  is  ready  to 
be  discharged.  It  can  continue  the  work  at  Purdue  or  else- 
where, and  it  is  for  the  members  to  decide  whether  or  not  they 
want  the  work  continued.  There  are  new  tamps,  like  lite 
Cooper  Hewitt  lamp,  coming  on  the  market,  but  the  photo- 
metric work  on  the  lamps  becomes  difficult  on  account  of  the 
wide  variation  of  Itie  physical  structure  of  the  lamp  and  the 
diiTerent  color  effects  that  have  been  introduced  into  the  newel 
lamps.  It  is  a  tjuestion  whether  or  not  the  work  is  of  sufficient 
importance  for  us  to  carry  it  on.  At  the  time  the  committee 
was  appointed  there  was  a  necessity  for  knowing  the  relative 
values  of  the  old  arc  lamp  and  the  newer  arc  lamp.  We  will 
bring  the  question  up  again  at  the  executive  meeting. 

The  Psrsii>f.nt:  This  matter  will  be  laid  on  the  table  until 
the  executive  session  to-ntght. 

The  next  business  on  the  programme  is  the  report  of  the 
committee  on  analysis  of  flue  gases,  of  which  Mr.  Doherty  is 
also  chairman. 
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REW>HT  01'  UIMMITTKE  ON  ANALYSIS  OF  FLUE  GASES 

Mr.  Duiiekty:  T1ii«  is  a  committee  ap[)oitit«l  two  years 
■MO  for  the  analysis  of  Due  gaHcs.  The  committee  liad  »  rejiort 
bit  year,  but  did  not  present  it  and  intended  to  take  funher 
ttin«  for  its  cunsiderntion,  \Vc  have  a  report  here,  in  which, 
instead  of  trcatinf;  Hue-gas  analysis,  we  have  treated  fuel 
economies;  but  owing  to  the  absence  of  one  member  of  our 
committee  we  have  been  unable  to  have  all  the  members  of  the 
committee  indorse  the  report  that  I  have  in  my  hand.  We 
trecommend  at  the  conclusion  of  this  report  that  this  committee 
bedit^arged  and  a  new  committee  be  created — the  nicml>ers  of 
the  new  committee  to  be  so  located  (jeographically  as  to  render 
easy  conference  with  one  another — to  take  up  the  work  of  fuel 
economy  and  all  other  work  that  would  naturally  be  covere<l 
by  such  committee. 

With  regard  to  the  present  report,  we  are  going  to  a*k  per- 
mission to  put  it  into  finished  shape  after  the  convention  and 
send  it  out  to  the  central  stations  in  pamphlet  form.  The  idea 
is  to  detail  the  simplest  metlnxi  for  fuel  ecunomies  in  the  ordi- 
nary plant  and  to  .set  forth  the  work  in  .siicli  a  way  that  the 
man  without  a  technical  education — and  even  a  man  who  docs 
not  go  about  securing  the  details  necessary  fur  this  work — niay 
take  up  this  paper  and  follow  it.  So  we  will  issue,  if  we  have 
your  consent  to  do  so,  a  pamphlet  setting  forth  the  best  methods 
for  securing  fuel  economic<t  in  the  ordinary  electric  plant, 
covering  the  question  of  flue-gas  analysis  and  the  results  that 
may  be  obtained  in  fuel  economies  by  analyzing  flite  gases. 

MR-  r)oTY:  I  move  that  the  report  be  accepted  and  sent 
out  to  the  members,  and  that  the  incoming  administration  be 
refiucsted  to  ap|)oint  a  committee  on  fuel  cconomie*. 

(The  motion  was  carried.) 

Trr  Prssiuent:  The  next  number  on  the  programme  ts 
the  report  entitled  "Wrinkles,"  edited  by  Mr.  Charles  H. 
Williams,  of  Madison.  Wisconsin.  Mr.  Williams,  unfortunately, 
is  not  here,  but  Mr.  Doherty  will  speak  for  him  and  for  the 
paper. 

Mr.  Dohkrty:  President  Edgar  asked  me  to  speak  for 
this  pamphlet  liecause  I  suggested  the  adoption  of  this  work  by 
tlK  association.  I  am  not  Koing  into  details.  You  have  the 
H'rittklfs  and  can  study  ihem.     I  am  inclined  to  think  that  this 
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iVriitkle  departiTKMii  will  appeal  more  to  the  man  who  slays 
at  home  than  to  the  man  who  comes  to  the  convention — to  the 
station  men  and  the  liiR-nii-n.  It  is  a  schtmic  ihat  was  adopted 
a  number  of  year*  ago  hy  the  Western  lias  Association,  and 
it  proved  so  interesting  and  valuable  to  the  ijas  fralcmity  that  I 
recommended  its  adoption  by  the  National  Electric  Light 
Association.  There  has  not  been  an  oppi>rtunity  to  edit  these 
wrinkles  as  carefully  this  time  as  we  hope  to  do  in  the  future. 
The  idea  is  to  gel  an  account  of  wrinkles  thai  will  suggest 
others  to  the  memliers  of  the  asHviatiou  and  eventually  to  make 
this  department  of  association  work  one  of  the  greatest  value 
to  every  officer  an<l  employee  of  the  comiwinics  lliat  are  mem- 
bers of  the  association.  The  paper  deals  with  many  Utile  things 
that  are  not  important  enough  to  merit  treatment  in  an  essay, 
not  important  enough  to  warrant  patenting,  and  yet  they  arc  so 
UMful  that  they  could  be  used  in  many  stations  if  there  were 
some  way  of  bringing  them  to  the  attention  of  all  central- 
station  men. 

1  am  authorized  to  say  for  Mr.  Williams  that  he  can  not 
undertake  the  work  another  year,  so  it  will  probably  be  in  the 
hands  of  the  inc()ming  president  to  select  another  editor  for 
(his  department.  I  think  when  you  look  over  this  pamphlet 
you  will  find  that  the  work  can  be  adraniageoufly  continued. 

The  Prf.siof.nt:  Tlie  |>amphlet  containing  IVrinkUt  is 
before  yoii.  We  shall  be  glad  to  have  criticisms  and  su^es- 
tions  regarding  the  work.  Mr,  Williams  deserves  our  con- 
gratnlaiioiis  niKtn  wliat  he  has  done.  I  have  looked  over  the 
report  enough  to  know  that  there  are  a  great  many  people  in 
our  business  who  will  read  it  with  great  interest. 

Mn.  I>oty:  Before  we  proceed  to  the  next  paper,  will  it 
be  in  order  to  pass  a  vole  of  thanks  to  Mr.  Williams,  who  will 
retire  as  editor  of  fFrinA/«?  Such  work  as  that  should  not 
pass  without  sonic  recognition  by  the  association,  in  view  of  its 
magnitude. 

Thf.  President  :    A  vote  of  that  kind  is  always  in  order. 

(The  motion  was  put  and  carried.) 

(The  text  of  IVrinkUs  will  l>e  found  in  Volume  H  of  the 
Procecdinr^. — Editor.  1 

Tae  Presidekt:  The  next  business  is  the  report  of  the 
editor  of  the  Qutslion  Box.  Wilt  not  Mr.  Harlman  say  a  word 
for  his  publication? 
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Mm.  Hartuan:  1  ant  not  going  to  take  up  any  more  time 
thaii  i&  necessary  on  the  Quesfion  Box,  but  there  arc  some  few 
questions  tliat  have  not  licen  adequately  answered  and  1  sliould 
like  your  pcriiiiM»ton  iv  bring  itieni  up  for  some  little  discussion. 

The  tirst  one  tt-ould  have  been  a  pertinent  question  in  rela- 
tion to  the  paper  on  gas  engines,  recently  read.  U  in  "What 
is  tlu-  jiericntage  of  repairs  on  gas  engines  to  tlie  total  cost 
per  kw-hour?"  I  hope  there  is  some  one  that  has  had  experi- 
ence in  operating  gas  engines  in  connection  with  electnc-liglu 
plants  who  will  answer  that  question. 

The  next  one,  to  which  no  answer  was  received,  is :  "VVhal 
is  tlie  average  gas  coi»um|>tion  per  hpOiour  of  the  average 
gas  engine  at  onc-ciuarter.  one-half,  three-quarters  and  full 
load?"  That  is  another  question  that  a  good  many  people  who 
are  trying  lo  bitck  gas  engine*  would  be  glad  to  have  answered. 

Mk.  AKTiitR  W1U.IAMS :  The  rating  of  gas  engines  using 
illuminating  gas  is  usually  30  cubic  feet  per  indicated  horse- 
power, but  in  practice  it  is  found  lliat  the  consumption  will 
var>'  from  30  to  40  feet;  in  some  instances  a  higher  consump- 
tion iKT  indicated  horse-power  has  been  found. 

Mk.  Doty:  In  connection  with  the  remark  of  the  last 
speaker.  1  will  say  tliat  it  depends  upon  the  load  of  the  engine. 
If  you  rate  the  engine  at  full  load,  20  feet  per  brake-horse- 
power is  common  practice. 

There  is  one  misapprch(-*nsion  thai  may  exist  in  the  minds 
of  tlie  delegates  regarding  the  efltciency  of  gas  appliances.  1 
did  not  make  reference  yesterday,  when  the  paper  by  Mr.  Aycr 
was  read,  to  the  fact  that  I  presumed  it  was  intended  for  elec- 
tric men.  It  certainly  was  not  intended  for  gas  men.  The 
efliricncy  that  he  gave  for  ffas  appliances  was  15  per  cent.  1 
presume  that  this  figure  was  given  for  the  encouragement  of 
the  use  of  electrical  appliances.  Cerlaifdy  it  was  not  intended 
for  the  discouragement  of  gas  men  or  to  discourage  the  (ntro- 
duction  and  use  of  gas  ap]>liances.  Gas  men  know  that  the 
efficiency  of  a  gas  engine  may  reach  30  to  25  per  cent,  or  even 
better;  [  know  gas  water  heaters  that  when  tested  have  sltown 
an  efficiency  of  80  per  cent  or  twtter.  The  efficiency  of  the 
boiling  burners  on  a  gas  range  when  tested  will  show  from 
60  to  70  per  cent  or  better,  The  efficiency  of  the  oven  burners 
when  tested  will  show  an  efficiency  of  50  per  cent  or  better; 
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the  reduction  in  the  efficiency  is  due  to  the  ovcr-vcntilation  of 
the  ovens.  I  hope  the  impression  will  not  go  out  that  gas 
appliances  arc  so  ini-fficicnt  as  to  return  but  15  per  cent  of  ihc 
energy  of  the  gas  consuined.  'i'lie  electric  business  docs  not 
need  that  kind  of  stimulus. 

Mr.  Haktman:  Tins  question  call*  for  gas  consumption 
at  one-(|uarter,  one-half,  thrcc-quancrs  and  full  load, 

Mk.  AnriiUR  Williams;  The  fignres  I  gave  relate  to  the 
average  consumption  of  a  gas  engine  working  under  average 
conditions,  whether  used  for  driving  an  electric-light  plant  or  a 
factory.  Wc  do  not  care  very  much  what  it  can  do  when 
working  at  its  rated  capacity;  ihe  qucition  is.  rather,  what  will 
it  do  under  the  normal  loads,  which  vary  from  an  average  of 
three-quarters  load  downward,  and  llie  figures  I  have  given 
relate  to  these  conditions. 

Mk.  DoiiKKTV:  1  had  occasion  to  look  into  that  quei^lion 
and  found  a  6s-page  report  presented  at  the  May.  1902.  meeting 
of  ihe  American  Society  of  Mechanical  Engineers,  which  gave 
an  account  of  a  number  of  tests  under  purely  test  conditions, 
stead)  load,  and  which  reprcsenleil  the  best  obtainable  economy. 
The  figures,  as  I  recollect  them,  were  respectively  ig  and  2.3  on 
full  load. 

Mr.  H.mitmak:  Tlie  following  question  is  also  asked: 
"Wliat  is  considered  a  goo<l  income  per  kilowatt  connected  and 
]»er  kilowatt  denjand  load  ?" 

Mr.  IXtTv:  I  will  say  that  $100  per  year  is  considered  a 
fair  return,  based  upon  the  maximum  demand  per  kw-hour; 
thni  is.  if  the  maxininm  demand  per  kw-hour  is  3000  kilowatts, 
it  may  he  expected  that  the  gross  earnings  of  the  electric  com- 
pany will  reach  $300,000  per  year. 

Mb.  Tiod:  In  the  matter  of  gas-engine  tests.  1  had  occasion 
some  time  ago  to  make  a  test  on  a  gas  engine  running  a  35-kw 
generator.  It  was  running  25  per  cent  load  factor  for  power 
and  light,  and  on  Philadelphia  gas.  Wc  have  to  sell  our  cur- 
rent for  a  little  over  five  rents  per  kw*hour.  to  compete — that 
is.  to  cover  fuel  alone.  That  docs  not  include  depreciation  and 
interest  on  the  investment,  hut  fuel  alone,  gas  at  $1.00  a  thou* 
sami,  We  used  :i  gas  meter,  a.*  well  as  having  a  calibrated  watt- 
meter, and  it  amounted  to  a  little  over  five  cents  per  kw-hour 
on  a  25  per  cent  load  factor. 
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Mr.  Whitfikld:  1  wish  to  ask  if  some  of  i>ie  members 
can  give  some  further  information  in  answer  to  question  No.  4: 
"What  is  the  Ik's!  way  of  ck-aning  racks  in  a  water-power  plant  ?" 

Then.'  arc  j^vcral  replies  to  that  question,  but  most  of  tlw 
recomn>cn<lations  are  to  use  long-handled  rakes.  We  tried  that 
at  our  plant,  bnl  found  that  at  times  it  was  impossible  to  keep 
the  racks  clean  by  tiiat  method.  We  had  men  at  work  con- 
tinuously when  the  leaves  were  coming  down,  the  merF-  work- 
ing as  long  as  they  could  stand  it  and  their  places  being  taken 
by  others  when  ihey  must  rest,  but  with  continual  work  on 
the  racks  we  found  that  sometimes  they  could  not  be  kept  open. 

Mr.  RiniARDs:  1  have  had  some  experience  along  thai  line 
in  connection  with  the  {xiwcr-house  at  Mechanicsville  built 
under  nny  direction  some  five  years  ago.  In  the  fall  when  the 
leaves  came  down,  awl  in  the  spring  when  the  rain  brought 
down  the  dead  leaves  and  rubbi<>h.  we  tuid  a  great  ileal  of 
trouble.  At  times  it  was  necessary  to  have  fort)-  or  fifty  men 
on  the  racks  to  keep  fliem  rlean.  I  took  the  question  up  with 
varioti<i  companies  ojjcrating  waicr-power  plants,  and  it  seenie<I 
to  be  their  experience  that  no  mechanical  device  had  been 
brought  out  that  would  do  the  work  satisfactorily.  At  a  paper- 
mill  plant  some  miles  above  us  a  mechanical  device  was  in  use 
consisting  of  a  sort  of  cliain  arrangentenl.  similar  to  a  stoker, 
and  that  was  given  a  very  thorough  Irta)  but  did  not  prove  a 
success.  I  think  the  only  way  lo  keep  the  racks  clean  is  to 
have  sufficient  men  on  the  racks.  Tn  one  winter,  for  a  few 
days,  we  took  out  from  50  to  100  tons  of  rubbish  a  day. 

Tint  PRKsn>r'..s"T :  If  there  is  anyone  who  deserves  a  vole  of 
thanks  for  work  done  for  the  association,  it  is  Mr.  Hartman. 
He  has  certainly  devoted  a  prreat  <leal  of  time  and  effort  to  the 
production  of  his  rejvirt. 

Mr.  Bur.vett:  I  was  looking  around  the  room  to  see  some 
one  better  qualified  than  1  to  suggest  such  a  motion.  I  think 
we  nuHt  all  admit  that  Mr.  Hartman  has  prewnted  lo  us  a  great 
mas!)  of  information  that  is  of  very  unusual  value,  and  I  have 
great  pleasure  in  moving  a  vole  of  thanks  to  him. 

(The  motion  was  put  and  carried.) 

(The  Question  Box  will  be  found  in  Volume  II. — EniTOfi.) 

Trk  Php-sioent:  Mr.  Hancock '»  paper  on  imdergiotind 
construction  lias  not  been  read  lo  the  convention.     A*  a  matter 


539 

of  courtesy  to  the  committee  on  award  of  the  Doherty  gold 
medal,  1  could  not  distribute  it,  although  we  took  occasion  to 
have  it  printed.  It  will  now  be  distributed  to  the  members. 
Mr.  Hancock  is  of  the  opinion  that  it  would  be  impossible  to 
abstract  It.  and  I  agree  with  him.  ti  there  is  no  objection,  it 
will  he  read  by  title  and  incorporated  in  the  Proceedings  the 
same  as  if  read. 

(The  text  of  Mr.  Hancock's  paper  will  be  found  in 
.\i)i)endix  A. — Eihtor.) 

The  President:  There  was  one  other  paper  proposed  for 
the  convention,  but  owing  to  a  misunderstanding  it  was  delayed 
in  printing,  and  it  was  not  certain  whether  we  could  make 
room  for  it  or  not.  It  is  by  Mr.  C.  E.  Skinner,  of  Pittsburg, 
and  treats  of  oil  for  insulating  purposes.  We  shall  be  glad 
to  have  Mr.  Skinner  present  the  paper. 


Mr.  Skinner  presented  an  abstract  of  the  following  paper: 

OIL  FOR  INSULATING  PURPOSES 


The  use  of  oil  as  an  insulating  medium  is  to  widespread 
and  its  applications  arc  so  numerous  that  a  book  would  be 
retiuired  to  cover  tlic  grouiid  indicated  by  the  heading  of  this 
paper  if  the  subject  wore  treated  in  detail  in  all  it*  plLU^s. 
Such  a  treatment  would  include  the  use  of  oil  hy  itself  as 
an  insulating  medium,  as  in  transformer  and  switch  work 
where  the  apparatus  i»  completely  immersed  in  the  oil ;  oil  u«<.'d 
for  saturating  fibrous  and  other  materials,  as  in  cable  work; 
drying  oils — such  as  linseed — used  fur  coating  papers,  cloths, 
ef  «rUra,  for  the  proiliicli<^»t  of  sheet  iimihition:  the  use  of 
various  kinds  of  oils  as  constituent  parts  of  paints  and 
varnishes  that  arc  intended  for  insulating  purposes.  This 
paper,  however,  will  he  confined  to  ilie  fir*t  division  of  the 
subject,  namely,  oil  as  used  for  insulating  transformers  atid 
oil  switches. 

Previous  to  1890  there  had  been  a  limited  use  of  oil  fcu- 
insulating  transformers  and  induction  coils,  but  this  was  con- 
fined to  a  few  of  the  small  sizes  and  low  voltages.  In  1891 
the  famous  I-'rank fort-I.au (Fen  irnnsmission  was  accompliahed 
by  the  aid  of  oil-insulated  transformers,  these  transformers 
being  wound  for  a  line  electromotive  force  of  30/xx>  volts. 
The  Pomona.  California,  installation  by  the  WesUnghouM 
company  folktwed  in  i8<>2,  this  being  the  first  commercial 
installation  of  higSi-vollage  transformers.  The  line  electro- 
motive force  in  this  transmission  was  lOAOO  voltii.  and  the 
rated  capacity  of  the  individual  transformers  six  kilowatts. 
Other  instaltations  followed  rapidly,  with  cmsiantly  increasing 
voltaic  and  capacity,  until  at  the  present  time  we  have  trans- 
mission lines  operating  at  55/100  volts  and  capacities  of  3000 
kilowatts  in  a  single  transfonner.  It  was  in  connection  with 
the  Pomona  installation  that  the  subject  of  mI  for  insulating 
purposes  was  taken  up  by  the  writer  and  experiments  carried 
on  which  lefl  to  the  adoption  of  nit  insulation  for  these  trans- 
formers.   This  work,  which  was  done  in  tlie  year  1891,  con- 
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sisted  mainly  of  didcctric  u-sts,  which  wer«  made  with 
apparatus  ca.pa1)lc  of  giving  test  voltages  of  35.000  to  40^000 
volts.  At  about  this  time  the  high  frequency  experiments  of 
Tesla  and  Thompson  attrarted  universal  attention,  Uiesc 
experiments  being  made  possible  by  the  use  of  oil-insulated 
itidnction  coils  and  condensers. 

At  the  present  lime  ihe  use  of  oil  for  insulating  trans- 
formers and  other  similar  apparatus  has  fi:rown  to  such  pro- 
portions that  the  production  of  this  material,  made  f^r  the 
.special  purpose,  aiiiotints  to  many  hundreds  of  thousands  of 
gallons  per  year.  The  increasing  use  of  large  oil  switches 
has  also  added  to  the  consumption  of  oil  of  the  same  general 
class. 

In  the  early  days  various  kinds  of  oil  were  proposed  for 
the  insulation  of  transformers,  including  rosin  oil,  Jinseed  oil, 
Golion-seed  oil,  tl  utltra.  tt  was  soon  demanstralrd,  however, 
that  mineral  oils  obtained  from  petroleum  products  would  be 
entirely  satisfactory,  and  on  accoimt  of  their  cheapness  they 
were  soon  almost  universally  adopted  for  this  purpose. 

On  account  of  the  importance  of  this  subject  and  on 
aroount  of  the  recent  disctission  as  to  the  fire  risk  of  oil- 
insulated  transfonners,  !  have  made  it  the  chief  object  of  this 
paper  to  describe  the  qnalities  of  mineral  oil  suitable  for  use 
in  oil-insulated  transformers  and  to  describe  sonic  of  the  tests 
tliat  may  be  made  to  determine  whether  or  not  any  given  oil 
is  suiuble  for  the  punx^M.  As  mineral  cnl  is  almost  uni- 
versally used,  tests  for  other  kinds  of  oil  are  not  considered. 
It  should  be  stated  at  the  outset  that  there  is  nothing  mysteri- 
ous in  regard  to  the  qualities  of  oil  for  ordinary  transformer 
wnrk  and  that  comparatively  simple  tests  may  be  made  to 
show  whether  or  not  an  oil  has  the  nccessar)'  qualities. 

Oil  for  Transformert — By  transformer  wl  is  meant  an  oil 
in  which  the  transformer  is  completely  immersed,  forming  a 
homogeneous  insulation  for  those  parts  of  the  transformer 
that  are  not  otherwise  insulated  and  also  adding  to  the  insu- 
lation of  such  materials  as  may  be  permeated  by  the  oil.  such 
as  the  cotton  covering  of  the  wire  »ise<l.  Transformer  oil 
also  forms  a  cooling  medium  whose  function  is  to  receive  the 
heat  from  the  coils  and  core,  where  it  is  generated,  and  carry 
it  to  tlie  outer  and  cooler  parts   of  the  transformer.     Owing 
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to  i]ie  fact  tliat  oil  expands  wlieii  heated,  tltc  hot  oil  rises 
and  the  colder  oil  from  the  sides  of  the  containing  tank 
in  to  take  it»  place.  tlui»  setting  up  a  circulation  of  the  otP 
whicli  coniinually  cools  the  transformer. 

Insulation — All  oils — mineral,  vegetable  and  animal — when 
pure,  so  far  a«  I  liavc  l>ecn  able  lo  test  them,  are  very  gov<I 
insulators.  There  is  a  wide  dilTcrence  in  the  insidating  quali- 
ties of  x-arious  mineral  oils,  but  this  difference  seems  to  be 
more  aii  index  of  the  purity  of  the  oil  than  an  inherent  dif- 
ference due  to  variations  in  the  chemical  coin{X)sition  of  Die 
oil  itself.  By  purity  is  meant  freedom  from  acid,  alkali,  water 
or  foreign  matter  of  any  kind.  Tlie  method  usually  employed 
in  determining  the  insulating  value  of  an  nil  is  to  test  its 
dielectric  strength.  Satisfactor>'  insulation  resistance  measure- 
ments are.  difficult  to  make,  and  wUile  showing  something  of 
the  quality  of  the  oil.  are  not  of  a>  much  value  as  dielectric 
tests.  As  the  actual  values  of  the  dielectric  strength  obtained 
vary  greatly  with  the  testing  conditions,  it  is  beM  to  use  a 
standard  method  and  always  follow  this  out  carefully.  Satis- ' 
factory  comparative  values  may  then  be  obtained  and  the 
general  insulating  value  dclernnni'd  with  sufficient  exactness 
for  all  practical  purposcs. 

Thi-  usual  method  of  testing  consists  of  immersing  a 
spark  gap  in  the  oil,  the  gap  being  .let  at  a  knon'n  distance, 
and  gradually  raising  the  potential  until  rupture  occurs.  In 
making  such  te«ts  the  following  ]>oinis  should  be  observe*!: 

The  spark-gap  terminals  should  ahvays  he  of  the  same 
shape  and  nicely  polisltctl.  especially  if  the  gap  is  quite  small 
Slight  roiighnes*  or  ]N>ints  on  the  telling  terminals  will  change 
the  apparent  dielectric  strength  of  the  oil. 

The  gap  should  always  be  at  the  same  depth  in  ibe  oil. 
A  variation  in  depth,  consequently  a  variation  of  the  pressure, 
will  cause  a  variation  in  the  tests.  The  apparent  insullting 
strength  increases  with  the  pressure. 

The  testing  voltage  slvould  always  be  applied  in  the  same 
manner.  It  is  preferable  to  fix  the  gap  and  apply  an  increas- 
ing voltage  tmlil  breakdown  occurs:  or  a  constant  voltage  may 
be  applied  and  the  gap  gradually  shortened  until  the  distance 
becomes  such  that  rupture  occurs.  In  the  former  method  the 
voltage  may  he  very  gradually  increased  as  may  be  done  by 
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comrolling  the  field  of  the  generator,  or  U  n»y  be  apphcd  in 
steps,  either  with  or  without  opening  tlic  circuits'  between 
steps;  but  for  comparative  purposes  one  metliod  only  should 
be  used. 

The  time  of  a])plicaiion  of  llic  voltage  should  be  as  nearly 
as  jMJSsiblc  .the  same,  especially  ihc  time  cunsumcd  after  the 
voltage  rcaclics,  say,  50  per  cent  of  the  dieleclric  ilrenjflh. 
A  longer  time  will  give  lower  results,  especially  if  the  oil 
contains  impurities  that  may  "line  up"  between  the  testing 
terminals. 

It  is  a  good  plaii  to  make  more  than  one  test  on  each 
sample  of  oil,  as  the  test  value  frequently  increases  with  the 
first  few  tests,  especially  if  the  oil  is  well  shakvii  after  each 
test  so  as  to  mix  thoroughly  witli  the  oil  the  carbon  formed 
by  the  arc  and  not  allow  it  to  concentrate  between  the  test- 
ing terminals.  When  «o  sluiken  it  niu»t  be  alt<)we<l  to  .stand 
until  free  from  air  bubbles  before  another  lest  is  made.  This 
increase  in  dielectric  strength  seems  to  be  due  to  the  drying 
effect  or  to  the  burning  out  of  impurities  in  the  oil.  The  bes.1 
oils  do  not  usually  show  much  increase  with  repeated  tests. 
When  the  oil  becomes  'very  black  and  dirty  from  repeated 
testjt  the  dieleclric  strength  droits  rapidly. 

'I1)c  amount  of  oil  used  for  each  test  should  be  the  same 
in  every  case,  especially  if  more  than  one  break  is  made  in 
each  sample.  Il  is  obvious  that  the  carbon  formed  by  the 
burning  of  the  oil  will  be  disseminated  through  the  oil.  and 
that  the  results  will  dei>end  in  some  measure  upon  the  amount 
|)cr  cubic  inch  of  oil.  It  follows  from  the  aliove  ihut  if  more 
than  one  test  is  to  be  made  on  a  given  sample,  the  amount  of 
energy  expended  by  the  arc  formed  due  to  the  rupture  of 
the  oil  should  be  the  same,  as  iiearU'  as  possible,  for  each 
break.  It  is  best  to  limit  this  to  a  comparatively  small  amount 
by  a  fuse  or  circuit-breaker  in  the  primary  of  the  testing  trans- 
fonncr.  arranged  to  open  the  circuit  on  a  cmnparaltvely  Mtiall 
current.  By  using  small  currents  the  work  of  keeping  the 
lenninals  clean  is  mucli  facilitated. 

Ilie  frequency  and  the  electromotive  force  wave-form  of 
the  testing  circuit  should  be  kept  the  same  in  the  successive 
tests.  It  was  pointed  out  some  years  ago  by  Professor  Elihu 
Tliompson  that  oil  is  not  as  good  an  insulator  for  low  as  for 
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high  frequencies.  There  is,  however,  little  variation  for  com- 
mvrcial  frequencies.  It  is  well  knuwii  that  a  |H»iitecl  or  saw- 
tooth civciromotivc  force  wa.vc  will  break  down  insulation  of 
all  kimls  more  rcaiiily  tiiati  a  Hat,  smouih  wave  uf  the  sam« 
S()UArc  root  of  mean  xtjuare  eleclromoiive  force.  The  use  of 
a  resistance  for  varying  ilic  testing  voltage  is  therefore  very 
ol^jectionablc. 

All  ves-sels  and  apparatus  used  must  be  kept  i)crfc«ly 
clean.  A  single  librc  in  the  oil  may  reduce  the  dielectric 
strength  greatly  if  it  happens  lo  "line  up"  between  the  ter- 
minals. A  siiudl  atuouni  of  moisture,  as.  will  be  shown  later, 
is  particularly  objectionable,  on  account  of  the  very  great 
reduction  that  il  may  make  in  the  in)>ulaling  value  of  the  oil. 

it  is  be»t  t(j  allu^^'  die  oil  to  stand  a  sliort  time  after 
pouring  into  the  testing  vessel,  as  llie  bubbles  of  air  that  are 
carried  with  the  oil  in  pouring  in,  or  due  lu  the  oil  being  agi- 
tated,   will    lower   tlie  apparent   dielectric   strength. 

Insulation  Tesf  Apparatus — As  a  convenient  inetho<I  «( 
testing,  the  author  has  devised  a  testing  cup,  which  ts  s)h>wi) 
in  the  accompanying  illustration  (Figure  i).  This  consists 
of  a  2(x>-cubic-ccn  timet  re  graduated  glass  cylinder  one  and 
three-eighths  inches  insitlc  diameter,  with  a  hole  drilleil 
through  the  bottom  through  which  the  lower  terminal  is 
inserted.  The  testing  lerminals  consist  of  half-inch  diameter 
bras4  balls  fastened  to  thrcc-sixteenths-inch  rods.  Tlw  up|>eT 
rod  passes  through  a  clamp  which  is  connected  to  a  microni- 
eter  screw  actuated  by  a  milled  heail.  The  lower  tcnuina) 
sliould  fit  in  a  socket,  so  that  it  may  he  readily  removed  for 
cleaning.  T\\c  boittHu  of  ihe  cup  is  made  oil-tight  b)'  the  use 
of  gaskets  where  the  lower  rod  passes  throuf^h  the  cup.  An 
extension  of  the  lower  rod  comes  in  contact  with  a  spring 
set  in  the  base  of  the  stand  to  whidi  the  line  terminal  is 
connected  by  mcsns  of  a  convenient  binding  post.  Slops  are 
provided  so  that  the  oil  vessel  may  always  be  placed  in  the 
same  position.  I'hc  upper  rod  may  slide  up  and  down  easily 
when  tile  clamping  screw  is  free,  or  may  be  engaged  with 
tite  micrometer  screw  at  any  point  for  adjusting  the  gap.  All 
parts  are  therefore  readily  accessible  for  cleaning,  and  tlie  xero 
point  of  the  gap  may  be  quickly  adjusted  for  each  test  by 
allowing  the  upper  rod  to  slide  down  to  that  the  terminals 
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arc  in  conuct  and  then  clamping  lo  the  micrometer  sctcw. 
The  apparatus  is  always  filled  to  the  200-i;ubic-c«ntimctre 
mark  (rctiuiring  a  lillle  less  ihaii  200  ciiSic  centimetres  of  oil 
for  each  test).  The  gap  is  adjusted  to  any  convenient  amount, 
tttually  0.15  indi.  and  the  electromotive  force  is  raised 
gradually  until  breakdowu  occurs.  After  trying  ntimerous 
forms  of  testing  apparatus   for  this  purpose,  this  method   has 
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been  adopted  as  the  most  convenient,  and  it  has  the  advantage 
of  requiring  a  comparatively  sniall  amount  of  oil  fur  each 
test. 

Flash  and  Fire  Test— By  "Hash  tost"  is  meant  ll»c  tem- 
perature to  which  the  oil  mnsl  be  heated  in  order  to  give  off 
gases  at  such  a  rate  as  to  form  an  explosive  mixture  with  the 
surrounding  air.     By  "fire  test"   is  meant  the  temperature  to 
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wliii'Ii  the  oil  must  be  beated  so  that  the  oil  itself  will  lake 
fire  and  continue  burning  when  a  tlame  is  applied  to  its 
surface.  The  genenil  method  of  (k'temtining  the  flash  and 
fire  test  uf  an  oil  is  to  licat  the  oil  gradually,  applying  a  test 
flame  at  intervals  and  noting  the  temperature  at  which  a 
slight  flash  occurs  on  the  surface  when  the  testing  flame  is 
applied  atid  the  temperature  at  which  the  gases  take  fire  and 
continue  burning. 

There  are  various  lyj>es  of  apparaltis  on  titc  market  for 
making  flash  and  fire  tests.  1'hcsc  may  be  divided  in  general 
into  two  classes — the  npeti-cup  method  and  the  clo*ed-cup 
method.  For  oils  having  a  flashing  point  as  high  as  ordinary 
transformer  oil  ihc  open-cup  metlxxl  is  preferable,  Tlie 
resnlts  reached  by  any  mvtlto«l  will  de]>eiid  largely  on  tlie 
taking  of  various  |irccaittions,  which  have  been  summarized  by 
Gill  in  his  "Handtniik  of  Oil   .-\nalysi8."  as  follows: 

*■!.  Thr  Rate  of  Htoiing—Tht  faster  ihc  oil  is  )teale<l.  the 
lower  will  be  the  flash  point,  as  more  vapor  is  driven  mu. 

"i.  She  and  Depth  of  Cup — From  a  large  and  shallow 
cup  the  li(]uid  evaporate!)  faster;  liencc  the  lower  will  be  the 
fla»ih  point.  The  most  constant  results  are  obtained  from  a 
deep  Clip  about  half  filled, 

"jk  Qwmiiiy  of  Oil — Tlie  larger  the  amount  of  oil,  the 
more  vapor  will  l>c  driven  out;  hence  the  lower  will  he  the 
flash  point. 

"4.  Distance  of  Testing  Flame — The  nearer,  or  what 
amounts  to  llie  same  thinff.  the  larger  the  testing  flame,  the 
lower  will  lie  the  flash  (x^int.  A  large  flame  may  produce 
local  BUpt-rhcating. 

"1;,  Pnini  of  Appliciilittif  of  Testing  Flame— Tht  flame 
should  be  applied  at  the  edge,  as  the  mixture  of  air  and  vapor 
is  mtire  complete;  this  is  best  effected  by  drawing  lite  flame 
diam<>trically  across  the  lop  of  the  cup.  Pr.  Hndlcy  cites  an 
instance  in  which  ilie  flash  point  obtained  was  considerably 
too  high,  owing  to  tite  fact  that  the  testing  flame  was  first 
ap|)lied  to  the  centre  of  the  cup. 

"6,  Thr  thermometers  used  should  be  frequently  com- 
pared with  a  Manilard  instrument. 

"7.     Drafts  should  he  carefully  avoided." 

Two  general  methods  of  heating  the  oil  may  be  employed. 
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In  the  tint  the  oil  is  placed  in  a  vessel  which  is  imniersed 
in  a  second  ves$«]  (illed  wilh  a  very  heavy  oil,  which  traos- 
mits  the  heat  (o  ihc  oil  to  be  tested,  in  the  second  method 
the  healing  llanie  is  applied  directly  tu  the  cup  or  to  a  san<l 
bath  on  which  the  cii|i  ren^,  the  testing  cup  being  protected 
Ironi  drafts.  Both  methods  have  their  adherents,  although 
the  secund  one  sccnm  to  be  nsed  more  cxten^vely  for  die 
high  tiash  test  oils.  The  author  has  found  the  New  Yoric 
State  Uoard  of  Health  tester,  used  wilh  cover  removed,  very 
satisfactory.  This  tester  ia  of  the  first  class,  using  a  bath  in 
which  the  testing  cup  proper  is  placed. 

Tliere  is  a  belief  among  many  that  oil  as  a  body  is  very 
inllammablc.  Quite  (he  reverse  is  true,  as  may  be  easily 
proven  by  any  one  witliout  particular  danger.  A  blow-torch 
may  be  turned  directly  upon 'the  surface  of  a  body  of  oil 
having  a  flash  test  of  175  degree*  centigrade  or  wore  and  the 
oil  will  not  take  tire  for  some  time — in  fact  not  imtil  the  burn- 
ing or  "firc-lest"  Icniperature  of  the  oil  is  reached.  A  burn- 
ing brand  may  be  thrust  into  llie  oil  and  the  fire  is  extin- 
guished as  effectually  as  if  the  brand  were  plunged  into  water. 
White-hot  iron  may  be  thrust  into  the  oil  and  the  iron  is 
cooled,  but  ihe  oil  does  not  take  hre  provided  tlie  iron  is 
plunged  beneath  the  surface.  The  use  of  oil  in  oil  switches 
proves  that  il  is  a  very  rffe<tive  means  of  putting  out  the  arc. 
When  a  fire  does  occur  it  may  he  easily  put  out  if  the  supply 
of  air  can  be  shut  off  from  the  burning  body  of  oil.  It  should 
be  remembered,  however,  that  material  .saturated  with  oil 
lakes  fire  very  readily,  this  being  due  to  the  fact  that  a  small 
amuiint  of  the  material,  when  coming  in  contact  with  the 
flame  or  spark,  is  heated  to  a  temperature  above  the  burning 
point  of  the  oil  and  takes  fire,  the  blaze  thus  started  continu- 
ing 10  heat  the  surrounding  material  to  the  burning  tempera- 
ture. A  precaution  thai  should  ahvays  be  taken  in  the  use  of 
oil  is  to  eliminate  as  far  as  po<>sible  all  fibrous  or  porous 
cnateriaU  that  are  not  actually  immersed  in  the  oil  and  that 
may  become  saturated  with  it. 

Since  the  above  paragraph  was  written,  in  carrying  out 
some  tests  on  a  very  high-ten$ion  transformer,  a  spark  p.tsse(l 
between  leads  above  the  surface  of  the  oil.  igniting  some 
fibrous  material  that  surrounded  the  high>tension  leads  above 
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Ibe  oil  level.     This  fire  was  readily  extinguished  by  dipping 
oil  from  tlie  lank  and  pouring  on  ihe  blazing  part. 

In  anuthvr  instance  a  tran^fMrmcr  was  eugpcnded  above 
the  oil  tank  for  the  piirixjic  of  m^ing  »uine  examinatioo  witb 
current  on.  Owing  to  a  fault,  the  transformer,  which  was 
thoroughly  oil-soakctl,  was  scl  on  fire  and  burned  fiercely.  It 
wa»  drufjped  into  ihc  tank  of  oil  and  the  fire  was  extinguished 
imnMdiatcly, 

llvaporalion — Mineral  oils  begin  to  cvajxirate  slightly  at 
a  temperature  somewhat  l>elow  tlieir  Hashing  jtoitil,  and  the 
evaporation  is  quite  rapid  at  Uic  flashing  point  and  alxn'c.  It 
is  therefore  essential  that  a  transformer  oil  have  a  flash  test 
sufficcntly  high  so  that  evaporation  will  not  take  place  ai  the 
ordinary  running  temperature  of  the  transformer.  The 
evaporation  test,  if  made  at  a  temperature  approximately  too 
degrees  centigrade,  will  also  drive  ofif  any  moisture  that  may 
be  present  in  the  oil.  In  Ihc  case  of  high  Hash  test  oils  the 
evaporation  test  at  too  degrees  centigrade  may  therefore  show 
approximately  the  amount  of  moisture  present  tn  (he  oil.  The 
evaporation  test  is  not  so  necessary  as  the  insulation  and 
Hash  teflts.  but  such  test  .thonid  be  made  occaiiionalty  on  oil 
that  is  used  for  transfonncr  work.  A  convenient  method  of 
making  this  test  is  to  place  a  small  amount  of  oil — usually 
approximately  two  grammes — in  a  small  porcelain  crucible 
and  heat  this  over  a  water  halh  at  a  temperature  of  apjiroxi- 
mately  lOO  degrees  centigrade  for  ten  or  twelve  hours,  then 
determine  the  percentage  evaporation  hy  loss  in  weight. 

MoistMre — The  ilcteriorating  effect  of  muisture  on  the 
insulating  ijuality  of  an  oil  is  very  marked.  As  there  are  a 
great  many  ways  in  which  the  oil  may  take  up  moisture  or 
moisture  may  be  inlroducvd  into  the  oil.  tests  for  moisture 
become  very  important.  A  very  easy  and  satisfactory  method 
of  making  test  for  moisture  has  been  suggested  to  the  author 
by  a  prominent  oil  chemist.  This  test  cotisiMs  in  placing  'a 
small  amount  of  oil  in  a  cup,  into  which  is  plunged  a  piece  of 
iron  or  other  metal  heated  to  a  temperature  just  below  a  dull 
red  heat.  -Any  hissing  or  crackling  noise  indicates  the  pres- 
ence of  tnoisture.  Another  method  of  testing  for  moisture  ts 
to  place  a  small  amount  of  anhydrous  copper  sulphate  in  a 
test  tube  -and   then  fill  the  lube  with  the  oil   to  be  tested. 
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After   thoroughly   shaking,  a  bluish  tinge   in   the  copper   sul- 
phate will   indicate  the  presence  of  moisture  in  the  oil. 

Tt  is  difficult  to  determine  the  exact  amount  of  moisture 
in  oil  when  the  amount  is  small,  and  this  is  not  usually 
necessary,  as  it  is  sufficient  to  know  qualitatively  whether  or 
not  moisture  is  present.  In  making  test  for  the  effect  of 
tlifferent  percentages  of  moistures  in  the  oil  it  was  found 
necessary  to  dry   the  oil   thoroughly,  then   introduce   moisture 
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in  the  form  of  water  in  minute  quantities  in  a  closed  vessel 
and  very  thoroughly  agitate  the  oil  so  as  to  disseminate  the 
water  through  it.  This  method  is  not  considered  entirely 
reliable,  but  for  testing  purposes  gave  results  so  striking  that 
a  curve  is  given  herewith  showing  some  of  the  results 
obtained.  It  is  considered  that  the  form  of  the  curve  is  correct, 
but  it  may  be  that  the  percentage  amount  of  moisture  present 
between  the  testing  terminals  is  not  entirely  accurate.  Check 
tests,  however,  gave  close  results.     It  will  be  seen  from  this 
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curve  (Figure  2)  that  moisiure  introduced  into  tbc  oil  to  tbe 
amount  of  x)6  per  cent  reduced  the  didcark  strength  of  tbe 
oil  Uf  about  50  |>er  cent  of  tbe  original  valtK  when  it  was 
known  lo  be  free  froin  moisture,  and  that  there  was  very 
Httle  furtltcr  decrease  in  the  dielectric  strength  dtie  to  iocreas- 
ing  the  ajTKKtnl  of  moisture  introduced  in  the  form  of  water. 

yUeosity — I'he  viscosity  of  an  oil  has  been  defined  as  the 
degree  of  its  fluidity,  or  its  internal  fricttofL  Tbe  viscositj'  is 
not  a  function  of  the  »)>erilic  gravity,  but  in  general  the  le»s 
the  specific  gravity,  the  greater  the  fluidity  of  the  oil.  The 
viscosity  of  transformer  oil.  within  limiu,  is  not  of  great 
imporlatice.  although  in  general  the  more  fluid  the  oil.  the 
more  rapid  will  be  the  circulation  of  the  oil  in  the  transformer 
tank  aitd  conseipicntly  the  greater  the  cooling  effect  The 
viscosity  seents  to  bear  no  relation  whatever  to  the  insulation 
tests,  the  lighter  oils — such  as  kcroscnt — showing  as  higli.  or 
higher,  insulation  tests  than  the  very  heavy  oils.  Tcsu  for 
viscosity  require  special  apparatus  and  special  care  in  testing, 
and  such  tests  are  not  usually  cotisidcred  ncccssar>-  in  con- 
nection with  transformer  oil.  Directions  for  making  such  tests 
may  l>c  found  In  any  texi-Ixvjk  on  hibrJcating  oiU. 

Cold  Test — Tlic  "cold  test"  of  an  oil  is  the  temperature  at 
which  the  oil  will  jtist  flow.  In  ordinary  transformer  work 
this  le»t  i.H  of  no  importance  whatever,  for  (he  reason  that  the 
cold  test  of  all  oils  that  arc  suitable  for  transformer  work  is 
much  lower  than  the  normal  operating  temperature  of  the 
transformer,  hence  the  oil  is  always  in  a  fluid  state  when 
llic  transfonncr  is  in  operation,  and  no  hanii  whate\cr  would 
result  from  the  oil  congealing  in  the  transformer,  inasmuch 
as  there  are  no  moving  parts.  Oil  with  a  high  cold  test  may 
not,  however,  be  sutuhle  for  use  in  oil  switches,  which  may 
be  subject  to  intense  cold,  as  tlte  switch  may  "freeze  up"  cltie 
to  the  congealed  oil  and  fail  to  o|>erate  on  this  account. 

Co/or— For  convenience  in  handling,  it  is  desirable  that  a 
transformer  oil  he  water-while  in  color,  but  this  is  not  at  all 
necessary,  and  i\%  the  production  of  a  water-white  oil  usually 
means  cht-uiit-al  treatment  it  is  best  to  use  a  darker  oil  rather 
than  to  risk  any  chance  of  having  traces  of  chemicals  in  the 
oil.  Most  oil's  get  darker  with  continued  use.  The  quality 
of  the  oil    from  an  insulation   standpoint  doe*  not   apparently 
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su^vr    any    change    wliatcver    dtic    to    darkening    under    llie 
influence  of  temperature. 

SHlphnr  Compounds — The  action  of  sulphur  on  the  insu- 
lation of  transformer  oil.  white  not  yet  thoroughly  investi- 
gated, has  shown  in  the  few  tests  that  tlie  author  has  carried 
out  to  be  very  detrimental,  and  it  is  therefore  considered  best 
to  eliminate  sulphur  compounds  from  transformer  oil. 
Western  oil  is  parlicubrly  liable  to  contain  »ulphur  com- 
pounds, and  therefore  liable  to  give  trouble  from  this  cause, 
fn  some  tests  carried  out  some  time  ago  the  insulation  resist- 
ance of  a  model  transformer,  after  remaining  at  a  very  hi^ 
value  at  hiRh  temperature  for  nearly  a  year,  was  lowered  to 
the  danger  point  in  a  ffw  days  by  the  introduction  of  a  small 
amount  of  sulphur  into  the  oil. 

Deposit — In  actual  service  it  sometimes  occurs  that  a 
brownish  or  black  deposit  is  (nrnietl  in  the  oil.  Careful 
experiments  have  shown  that  this  deposit  is  a  phenomenon  of 
temperature  alone.  This  dqwsit  is  formed  from  the  oil  and 
from  the  insulating  materials,  such  as  varnixhes,  rl  taifta, 
which  are  used  on  the  solid  insulation  of  the  transformer. 
This  deposit  is  itself  a  good  insulator,  and  the  only  harm  done  by 
such  deposit  is  to  impede  the  cooling  of  the  transformer  bv 
lo<lging  in  the  ventilating  spaces  and  on  the  cooling  coils  of  a 
water-cooleil  transformer.  In  very  high-tension  transformers 
tlicre  is  also  a  tendency  for  this  deiKisil,  when  it  does  occur,  to 
line  up  at  points  where  the  stress  is  greatest.  Such  deposit  docs 
not  necessarily  mean  a  deterioration  in  the  insulation  of  the 
oil  or  of  tlie  transformer,  and  occasional  cleaning  of  the  jiarts 
on  which  the  deposit  occurs  is  all  that  is  necessary  to  keep  the 
transformer  in  good  condition.  Where  the  transformer  top* 
are  partly  open  the  deposit  will  contain  dust  and  dirt  which 
naturally  get  into  the  transformer  case. 

Action  of  li'ater-/>roaH>ig  Compounds — In  many  trans- 
formers water-proofing  compounds  are  used,  whidi  may  or  may 
not  he  soluble  in  the  oil  in  which  the  transformer  is  immersed. 
These  water-proofing  com|Xiunds  are  necessarily  good  insu- 
lators. The  materials  used  may  have  cither  an  a.<.phal[.  coal-tar 
or  tinseed-oil  base.  When  asphalt  or  coal-tar  base  comixiunds 
arc  used  they  are  always  somewhat  soluble  in  oil.  especially 
when  the  oil  is  hot.    Compounds  having  a  linsccd-oil  base,  when 
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thoroughly  dry,  are  practically  insoluble  in  mineral  oil.  When 
large  quantities  of  water-proofing  material,  with  asphalt  or 
coal  tar  as  a  base,  are  used  in  transformers  the  compound 
resulting  from  the  combination  of  the  water-proofing  material 
and  the  transformer  oil  may  form  a  pasty  mass,  which  will 
close  up  the  ventilating  spaces  and  consequently  cause  danger- 
ous heating  of  the  transformer  due  to  lack  of  ventilation.  From 
an  insulation  standpoint  there  is  no  objection  to  the  water- 
proofing compound  being  dissolved  out  after  the  transformer 
is  put  in  service,  provided  the  design  is  such  that  the  ventilating 
spaces,  which  are  essential  to  the  cooling  of  the  transformer, 
are  not  filled  up.  Any  compound  that  is  soluble  in  mineral 
oil  should  not  be  depended  upon  for  cementing  parts  of  the 
transformer  or  for  closing  spaces  when  this  compound  may  be 
dissolved  out  by  the  oil  later.  The  linseed-oil  compounds  are 
water-proof  in  the  sense  that  they  will  not  allow  water  to  pass 
through  where  there  is  an  unbroken  film;  but  they  are  not 
wafer-proof  in  the  same  way  tliat  asphalt  and  coal-tar  base  com- 
pounds are  water-proof,  that  is,  they  are  not  "water-repellant." 
When  transformers  are  treated  with  linseed-oil  compounds  more 
care  must  be  taken  to  prevent  the  absorption  of  moisture  than 
when  the  other  classes' of  compounds  are  used. 

It  is  to  be  hoped  that  the  varnish  chemists  will  be  able  to 
give  us  a  compound  that  will  have  all  the  water-pfoofing  quali- 
ties of  the  asphalt  and  coal-tar  bases,  but  will  be  entirely, 
insoluble  in  mineral  oil. 

Oil  for  Oil-S^tJitch  IVork — -The  requirements  of  oil  for  oil- 
switch  work  are  very  similar  to  those  of  oil  for  transformers. 
As  stated  before,  oil  having  a  very  low  "cold  test"  may  be  desir- 
able for  use  in  switches  that  are  intended  for  outdoor  work; 
but  as  this  use  is  comparatively  small  at  the  present  time  this 
point  need  not  receive  consideration  in  connection  with  the 
general  application  of  oil  to  oil-switch  work. 

It  has  been  stated  above  that  the  more  fluid  the  cmI  for 
transformer  work,  the  more  rapid  will  be  the  cooling  of  the 
transformer,  on  account  of  the  more  rapid  circulation  of  the 
oil  in  the  transformer  tank.  In  switch  work  a  more  viscous 
oil  seems  to  give  better  results,  possibly  on  account  of  the  fact 
that  it  is  not  so  easily  displaced  by  the  arc  as  is  the  lighter 
oil.    Otherwise,  the  requirements  throughout  may  be  stated  as. 
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being  exactly  i\w  same  for  both  Iraiisformcr  and  switch  work, 
and  it  has  iKcn  found  possible  to  manufacture  an  oil  that  is 
entirely  itiitabte  for  lx>th  purposes. 

apeciticulions — In  the  foregoing  the  writer  has  endeavored 
to  0ive  some  of  the  quahties  necessary  in  a  transfurmer  and 
switch  oil.  and  to  descrihe  some  of  the  tests  that  will  show 
whether  or  not  the  oil  fulfills  these  conditions.  In  the  follow 
iiig  will  be  found  a  brief  specificalion  for  such  an  oil.  giving 
more  in  detail  the  exact  requirements  that  the  oil  should  fulfill: 

(i1  The  oil  should  be  a  pure  mineral  oil  obtained  by 
fractional  distillation  of  petroleum  unmixed  with  any  other  sub- 
stances'and  without  stibscqticnl  chemical  treatment. 

(2)  The  Hash  test  of  the  oil  should  not  l>c  less  than  180 
degrees  centigrade  (356  degrees  Fahrenheit),  and  the  burning 
test  should  not  be  less  than  200  degrees  centigrade  (392  degrees 
Fahrenheit) . 

(3)  The  oil  must  not  contain  moisture,  add,  alkali  or 
sulphur  compounds. 

(4)  The  oil  should  not  show  an  evaporation  of  more  than 
0.2  |>er  cent  when  heated  at  100  degrees  centigrade  for  eight 
hours. 

(5)  It  is  desirable  that  the  oil  be  as  fluid  as  possible,  and 
that  the  color  he  as  light  as  can  be  obtained  in  an  untreated 
oil. 


In  the  above  specifications  no  mention  is  made  of  the  insu- 
lation test.  This  i*  omitted  for  two  reasons:  First,  the  manu- 
facturers of  oil  suitable  for  transformer  and  switch  wnrk  are 
unfortunately  not  equipped  for  making  snch  tests,  and  the  writer 
helirve*,  as  a  fundamental  principle,  that  no  specification  for 
material  should  include  tests  that  can  not  be  checked  by  both 
the  manufacturer  and  the  user  of  the  material ;  second,  an  oil 
that  meets  the  foresoiug  specifications  should  prove  a  first-class 
insulator.  The  writer  lias  foimd  it  sufficient  ti»  insert  a  para- 
graph in  the  general  specifications  to  the  effect  that  careful 
insulation  tests  will  be  made  on  the  nil.  and  if  tt  falls  below 
the  standard  in  insulation  the  remainder  of  the  specifications  will 
be  rigidly  enforced.  Thus  far  this  -ipecification  has  proved 
entirely  satisfactory. 

The  specification  proper  sliould  necessarily  include  specifk 
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statement  as  to  the  methods  that  will  be  used  in  making  the 
vartoits  tests.  As  already  pointed  out,  the  reaultg  may  vary 
considerably,  due  to  slight  difTerences  in  ie$t  methods. 

In  addition  to  the  specification  the  user  shotild  have  the 
assurance  that  the  oil  is  carefully  made;  that  all  containing 
vessels  are  clean  and  free  from  moisture;  and  that  systematic 
tests  are  made  on  tlic  finished  material  to  see  tJiai  ii  fulfills  the 
conditions  specified.  He  shuut<l  also  take  the  necenary  pre- 
cautions to  see  thai  no  moisture  is  allowed  lo  get  into  the  oil 
after  it  is  received  by  him.  When  oil  is  stored  in  barrels,  the 
barrels  should  be  kept  under  cover  and  water  should  not  be 
allowed  to  stand  on  the  heads,  as  it  will  often  find  its  way 
throuf^b  into  the  oil.  Metal  cans  and  drums  arc  far  more  satis* 
factory  for  shipping  and  *ii>ring  oil  than  Iwrrels.  for  the  reason 
(hat  they  can  be  made  practically  oil  and  walcr-tiRht,  and  there 
is  therefore  much  less  danger  of  the  oil  Iwrcoming  wei  during 
itliipment  and  storage.  The  use  of  metal  vessels  also  eliminates 
the  frluc  which  it  is  necessary  to  use  in  wooden  barrels  to  make 
them  tight.  The  transformer  and  tran$fonncr  tanks  should  be 
thoroughly  dried  before  the  oil  in  put  in,  and  every  possible 
precaution  should  be  taken  to  prevent  water  entering  the  trans- 
former case  after  installation.  In  water-coolwl  transformers  the 
coolins;  coils  shoidd  l>e  perfectly  light  and  llie  end  of  the  cooling 
coils  where  the  water  enters  should  be  lagged  so  as  to  prevent 
condcn$^'klion  of  moisture  due  to  thtit  jtart  of  the  crtil  being 
colder  than  tlic  surrounding  air. 

When  a  good  oil  has  been  obtained  from  the  manufacturer 
and  the  necessary  precautions  have  been  taken  lo  insure  that 
it  is  kept  clean  and  free  from  moisture,  it  may  be  relied  upon 
as  one  of  the  most  satisfaclorv  initiating  me4liun)S  known. 

uisciresioN 

Mr,  .ViimnT:  I  wish  lo  a<k  Mr.  Skinner  if  some  oil*  liave  a 
greater  afRnitv  for  moisture  than  others,  and.  if  so.  what  arc  the 
characteristics  of  those  oils  that  do  or  (lo  not  absorb  nnist- 
ure  readily? 

Mr.  SKr.vS'fJt:  1  am  afraid  t  can  not  answer  (hat  question 
positively.  It  has  been  very  tltfRcttlt  lo  gel  at  an  exact  measure- 
mem  of  ihe  amount  of  moisture  absorbed  by  any  given  oil. 
You  can  very  easily  prove  its  presence,  tntt   it   is  difficult    lo 
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prove  how  much  i»  |>fesenl,  and  I  have  no  tigurcs  on  different 
oils  showing  the  relative  amount  absorbed. 

Mr.  Kimrai.1.:  I  had  two  300-Iight  transformers  in  use  two 
years,  and  at  the  end  of  that  time  they  burned  out  and  we 
found  water  at  the  bottom  of  the  transformer  case.  Is  there 
any  way  of  testing  transformer  oil  before  putting  it  in? 

Mr.  Skinnhr:  My  paper  gives  a  very  simple  method  of 
testing  oil  for  moisture.  It  consists  in  healing  a  piece  of  metal 
—copper  or  iron — to  3  iemi>cralure  slightly  below  red  heat  and 
plunging  it  into  a  mcul  cup  tilled  witli  oil.  Any  hissing  noise 
indicates  moisture.  This  test  can  be  very  readily  checked  by 
introducing  a  very  minute  quantity  of  moisture  into  oil  that  is 
known  to  be  thoroughly  free  from  moisture. 

The  presence  of  water  at  tlie  bottom  of  the  transformer 
tank  is  not  due  so  much  to  the  oil  itself  absorbing  moisture  as 
to  condensation  on  the  case  and  to  actual  leakage  of  water  into 
the  transformer.  It  sliould  be  remembered  that  when  tlie  oil 
has  taken  up  the  maximum  amount  of  moisture  that  it  will 
hold  as  moisture,  the  insulating  properties  of  the  oil  are  «till 
fairly  good — tliat  is,  for  low-voltage  work.  For  high-tension 
work  it  becomes  a  more  serious  matter.  Burn-outs  on  low- 
vollage  transformer*,  due  to  water,  arc  more  frequently  caused 
by  the  water  rising  in  the  bottom  of  the  tank  so  tliat  it  actually 
covers  part  of  the  cot  Is. 

Mr.  S.  F.  Hi'nt  (Mancliesler,  N.  H.) ;  I  a«k  if  the  oil  can 
be  freed  from  water  by  heating  by  means  of  die  transformer 
and  its  operation,  or  how  is  it  best  removed? 

Mr.  Skixxer:  The  method  usually  followed  by  oil  manu- 
facturers themselves  is  to  heat  the  oil  to  a  temperature  slightly 
above  the  boiling  point  of  water. 

Mk.  W.  p.  Stbi'iiens  (Jackson.  Mich.):  I  would  ask  Mr. 
Skinner  regarding  the  cvaiioralion  of  different  oils  in  trans- 
formers. I  have  noticed  in  using  different  makes  of  trans- 
formers that  in  some  the  oil  evaporates  faster  than  in  others. 
Is  this  caused  by  some  oils  being  thinner  than  others,  or  i«  it 
caused  by  the  transformers  having  different  temperatures? 

Mr.  Skcxner:  Evaporation  is  a  function  of  the  flashing 
point  of  the  oil  and  the  temI>er.^ture  at  which  the  transformer 
runs.  Oil  that  is  composed  of  a  mixture  of  light  and  heavy 
oil  may  have  a  consickrahle  evaporation,     ft  will  also  have  a 
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somewhat  lower  flashing  point,  so  that  the  Hashit^  pcunt  will 
be  an  indication  of  the  point  at  which  the  evaporation  b^ixis. 
The  flashing  point  may  be  described  as  the  temperature  at  which 
the  oil  begins  to  give  off  sufficient  gases  to  form  an  explosive 
mixture  with  the  air.  The  evaporation  begins  at  a  temperature 
somewhat  lower  than  the  flashing  point.  The  difference  that 
you  describe  is  due  to  a  difference  in  the  flashing  point  of  the 
oil  used  or  the  difference  in  the  temperature  at  which  the  trans- 
former runs.  Leakage  from  the  case  might  also  affect  the 
apparent  evaix)ration. 

Mr.  Eastman  :  The  test  for  the  absorption  of  water,  I 
believe,  is  the  most  important  test  to  be  made  on  transformer 
oils.  I  have  tested  oils  that  had  a  high  dielectric  strength  when 
first  received,  but  at  the  end  of  a  year's  service  the  dielectric 
strength  would  decrease  to  as  low  as  half  its  original  value. 
After  boiling  the  oil  the  dielectric  strength  would  be  raised  to 
its  original  value,  showing  that  the  decrease  was  due  to  absorp- 
tion of  moisture.  Other  transformer  oils  that  have  been  in 
service  for  three  or  four  years  have  shown  but  little  absor|>- 
tion  of  moisture. 

The  President:  The  hour  for  adjournment  has  now 
arrived.  This  evening  Dr.  F.  A.  C.  Perrine,  of  Pittsfleld, 
Massachusetts,  will  give  an  illustrated  lecture  on  types  of 
large  water-power  installation.  We  hope  that  alt  the  members 
wit!  be  present  at  that  time. 

(The  meeting  adjourned  until  eight  o'clock  in  the  evening.) 


SIXTH  SESSION 

The  sixth  session  of  the  convention  was  held  at  eight  o'clock 
on  Thursday  evening,  and  opened  with  the  paper  by  Dr.  Frederic 
A.  C.  Perrine,  of  Pittsfield,  Massachusetts,  on  "Types  of  Large 
Water-Power  Installations." 

(Dr.  Perrine's  paper  was  profusely  illustrated  with  stereopti- 
con  views,  only  a  small  number  of  which  it  has  been  practicable 
to  reproduce. — Editor.) 


TYPES    OF    LARGE    WATER-POWER    INSTAL- 
LATIONS 


The  development  and  use  of  the  waterfall  is  a  subject  not 
only  of  vital  industrial  importance,  but  is  also  one  of  fascinating 
interest.  Whatever  charm  the  subject  may  have  generally,  it  is 
muchmore  worthy  of  attention  and  more  picturesque  when  viewed 
from  the  standpoint  of  electrical  development,  which  goes  hand 
in  hand  with  a  preservation  of  the  scenic  effects,  while  affecting 
important  social  and  industrial  improvements.  Duringthe  past 
lo  years  you  have  been  intimately  concerned  in  this  work,  and 
it  is  fitting  that  you  should  know  more  of  what  has  been  accom- 
plished by  your  fellow-workers.  Young  men  have  been  the 
pioneers  in  this  industry,  and  are  yet  to-cJay  amongst  its  fore- 
most workers.  There  has  been  no  region  loo  remote  and  no 
problem  too  difficult  for  their  energies  and  ambition. 

But  before  attempting  to  present  to  you  the  picturesque 
view  of  this  work  that  is  so  intensely  interesting  from  every 
side,  it  is  well  to  stop  and  consider  why  we  should  be  espe- 
cially proud  of  the  work  tliat  has  been  done,  beyond  the  pride 
that  we  feel  in  winning  success  for  ourselves  and  taking  part 
in  making  nature  do  our  work  for  us.  Without  thought,  it  is 
often  the  custom  of  some  to  consider  and  arraign  the  develop- 
ment for  power  purposes  of  ihe  streams  of  our  country  as  but  a 
form  of  industrial  vandalism.  Such  a  belief  or  feeling  can  now 
be  heid  only  by  the  thoughtless  and  unobserving.  John  Ruskin 
during  many  years  of  his  life  bitterly  arraigned  the  commercial- 
ism of  his  day,  blaming  mechanical  inventiveness  and  progress 
for  what  he  saw  about  him  worthy  of  blame.  He  undoubtedly 
placed  his  finger  on  many  sore  spots  in  our  day  of  progress, 
and  about  his  teachings  a  school  has  developed  which  has 
accomplished  much  in  spite  of  the  fact  that  many  of  his  fears 
and  forebodings  were  groundless.  The  hideous  characteristic 
of  commercial  growth  about  which  he  complained  was  but 
one  of  the  accompaniments  of  new  growth,  for  to-day  'A'e 
can  not  call  modern  commercial,  industrial  and  mechanical 
progress  old. 

One  hundred  years  is  surely  a  short  period  in  the  world's 
history,  and  yet  the  birthday  of  the  steam   engine  as  applied 
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to  miinufaclure  dales  buck  unly  to  the  spring  of  1786.  The 
first  50  years  of  the  ninelcentli  century  marked  the  iniro- 
duction  of  all  wc  know  as  manufacturing,  while  the  lasl  50 
years  of  that  century  developed  practically  all  of  ihe  machinery 
wc  use  to-day.  Is  it  strange,  then,  that  accompanying  the  birih 
of  io  many  new  ideas,  and  being  engaged  in  their  rapid 
development  and  inlrudiiction,  llioie  concerned  with  this  work 
should  use  the  machinery  first  in  the  crudest  and  most  tem- 
porary manner,  hcsttaiing  to  build  and  plan  as  though  in  ihe, 
belief  that  what  they  were  doing  was  other  than  experimciiial  ? 

With  much  of  the  crude  mechanical  application  completed, 
we  are  now  during  the  present  century  devoting  cur  time  and 
talents  and  using  our  opportunities  for  the  development  of  the 
comfortable  and  artistic.  Surely,  no  one  who  has  for  any 
period  of  lime  considered  the  products  of  manufacture  can  fail 
to  notice  and  acknowledge  this  advance. 

What  I  claim,  then,  is  that  the  introduction  of  machinery 
and  the  use  nf  new  industrial  ideas  produce  results  not  neces- 
sarily hideous,  nor  arc  they  accompanied  by  a  retrogreiiion  in 
taste  or  culture,  but  rather,  in  spite  of  what  we  have  »cen  to 
condemn  the  development  of  the  world's  resources  as  wc  have 
seen  ihem  developed  mechanically,  are  naturally  devoted  first 
to  obtaining  for  all  the  comforts  of  life,  and  only  after  this 
object  has  been  accomplished,  to  the  attainment  of  culture, 
beauty  and  artistic  surroundings. 

In  this  the  world  differs  in  no  one  age  from  another.  The 
primitive  man — and  wc  arc  never  Car  from  him — first  .supplies  his 
needs,  then  his  taste,  and  as  often  as  possible  indulges  in  a  revel, 
but  out  of  it  all  and  because  of  all  he  does,  develops  character. 
Applying  this  view  to  the  subject  in  hand  causes  us  to  see  that 
if  only  we  look  about  us  we  shall  find  in  the  first  development 
of  the  waterfall  our  scenery  destroyed,  our  streams  polluted,  and 
in  place  of  the  blessings  of  clear  water  and  cozy  nooks  un  the 
banks  of  flowing  streams,  the  factory  arising  in  unsanitary  and 
unsafe  conditions  to  supply  our  crying  need  for  clothing  to  bear 
the  winter's  blasts. 

Buiaow,  with  all  that  accomplished,  the  electrician  has  come 
forward  with  his  inventions  in  hand  to  remove  the  factory 
from  the  bank  of  the  stream  to  a  location  where  the  health  and 
comfort  nf  the  operative  can  be  considered,  and  he  has  estab- 
lished the  factory  where  there  is  a  possibility  of  lifelong  occu- 
pation with  less  of  din  and  danger  than  ever  could  have  been 
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accomplished  in  any  other  manner.  Ueyond  the  factory,  too, 
the  inHiience  reaches  iar,  (or  in  the  development  o(  every  horse- 
power of  waier  energy  made  available  by  such  mciins,  there  is 
at  least  ii  tons  of  coal  less  per  year  thai  it  is  necessary  to 
mine  fur  doing  the  wotld's  work ;  by  reason  of  irach  of  the 
■  ooo-hp  generators  that  the  electrical  companies  arc  sending; 
out  every  year  In  numbers  there  are  11,000  tons  of  coal  less  to 
be  mined  per  year,  and  not  for  one  year  only,  but  fur  every  year 
the  machine  continues  in  operation.  The  waterfall  has  been 
called  the  white  coat  mine,  the  miners,  the  stokers  and  the  coal 
passers  being  the  sun,  the  winds  and  the  rain  which  continually 
replenish  the  river's  source.  Not  only  in  its  generation,  but  in 
its  application,  is  the  electrical  development  of  the  water-power 
important.  It  surely  must  be  evident  to  all  how  important  an 
element  in  the  disintegration  of  the  crowded  and  squalid  por- 
tions of  cities  is  the  extension  of  electrical  traction,  and,  further, 
the  use  of  electrical  power  that  mar  be  distributed  to  great  dis- 
tances and  applied  in  small  quuntities  is  rendering  the  small 
manufacturer  more  independent  of  the  large  one  ;  an  effect 
which  in  our  country  is  only  just  becoming  apparent  and  impor- 
tant, but  which  in  some  localities  (as  notably  at  Geneva,  Switz- 
erland) has  had  a  marked  effect  on  the  character  of  trade,  and 
has  enabled  the  home-worker  to  continue  in  competition  with 
the  factory.  Do  not  think  that  what  has  b«en  said  is  an 
apology  for  electrical  water-power  development.  On  the  con- 
trary, it  has  been  said  in  the  hope  of  calling  10  your  attention 
neglected  facts  that  arc  about  you  and  the  importance  of  work 
thai  has  been  done  in  your  midst. 

The  development,  transmission  and  distribution  o(  the  power 
of  the  waterfall  has  resulted  from  the  continuous  study  and 
work  of  the  electrical  discoverer»,  inventors,  and  engineers 
during  a  period  of  about  70  years,  every  year  of  which  has 
been  important  to  the  result  aitaiaed,  though  the  last  10  years 
have  produced  the  most  Striking  of  the  practical  results.  Dur- 
ing this  period  the  advance  has  been  so  rapid  as  to  astonish  even 
the  most  sanguine  and  enthusiastic  prophets  of  advancement. 

The  art  of  the  electrician  as  we  know  it  to-day  began  In 
1833,  when  Faraday,  working  in  his  laboratory  at  Cambridge, 
Ungland,  discovered  the  principle  of  the  production  of  elec- 
tricity from  magnetism,  and  laid  the  foundation  for  the  inven- 
tion of  the  dynamo-electric  machine.  In  the  year  following,  at 
Albany,  New  V'ork,  Joseph  Henry  discovered  the  princiolcs  that 
36 
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are  now  embodied  in  ihe  transformer,  and  with  the  foundations 
for  the  art  thus  laid,  the  invtfiutons  began. 

Gradually  ihc  machinery  was  developed  unci)  suddenly  and 
accidentally  the  reversibility  of  the  dynamo  was  discovered  at 
the  Vienna  Exposition  of  1S7J,  ami  the  whole  field  of  electric* 
muior  working  was  opened  up,  for  the  reversed  dynamo  is 
the  motor.  Then  began  the  study  of  ihe  application  of  dec- 
triciiy  as  a  motive  power.  In  the  early  days  attention  was 
being  given  almost  exclusively  to  lighting  problem*,  and  it  was 
not  until  in  the  early  eighties  that  the  motor  became  a  really 
important  machine.  About  that  time  in  California,  in  Switzer- 
land,  and  in  Northern  Italy  beginnings  were  made  in  the 
electrical  use  of  the  waterfall,  but  the  present  solution  of  the 
long-distance  problem  has  been  based  upon  the  discoveries  of 
Ferraris  in  the  later  eighties.  The  work  of  this  Italian  pointed 
out  the  manner  in  which  the  alternating  motor  Cuuld  best  be 
made,  and  how  that  beautifully  simple  generator,  the  alterna- 
tor, which  has  no  S]>arking  commutator,  and  If  necessary  no 
moving  wire,  cuuld  be  utilised  for  power  puiposcs. 

I'urthcrmorc,  the  expcrimenu  Iff  Henry  and  his  successors 
had  shown  how  the  pressure  of  the  alternating  current  cuuld 
be  raised  or  lowered  without  moving  apparatus,  and  this 
resulted  finblly  in  the  development  of  the  simple  transformer. 

The  first  American  plant  utilizing  all  uf  these  elements 
was  installed  by  the  Stanley  Company  at  Housatonic,  the  cur- 
rent being  transmitted  to  the  Monument  Mills  and  Great 
Barringion.  This  was  in  1S93,  From  these  small  beginnings 
the  art  has  rapidly  advanced,  the  engineers  and  inventors 
working  together  and  vicing  with  each  other,  till  now  there 
seems  nu  problem  too  difficult  or  startling  for  them  to  attempt 
together. 

The  most  startling  and  piciuresc|ue  work  has  been  carried 
out  on  the  Pacific  Coast,  a  land  of  no  coal  and  little  water. 
but  in  which  the  rivers  flowing  to  the  sea  descend  with  roost 
startling  rapidity,  permitting  tlie  development  of  great  powers 
from  insignificant  streams.  Over  and  through  the  central  part 
of  the  Slate  there  runs  a  network  of  transmission  lines  fed  by 
machinery  designed  and  manufacture<t  in  Plttslield.  In  this 
region  many  falls  have  been  uiili/cd,  and  the  current  is  trans- 
mitted  to  great  distances  for  the  operation  of  lighting  plants, 
railroads  and  mills 

Here  the  season  of  practically  no  rain  Is  long  and  must 


be  guarded  against  by  llie  storage  of  water  in  the  muuniain 
lakes  of  the  high  Sierras  at  elevations  of  (rom  6000  to  9000 
(e«t.  From  these  lakes  the  water  (alU  iniu  the  bed  of  the 
rivers  where  it  flows  amongst  the  high  mountains  and  through 
the  deep  caflons  until  it  is  caught  and  carried  along  the 
raouni&in  sides  through  ditches  and  along  the  face  of  high 
precipices  iii  umticr  flumes,  until  a  point  is  reached  where  the 
difference  of  level  between  the  ditch  and  the  river  is  sullicitnt, 
and  tlic  site  favorable,  (or  the  location  i>f  the  power-house, 
when  with  a  bold  leap  the  water  is  carried  in  iron  pipes  down 
the  mountain  side  to  the  power-house,  where  with  immense 
force  It  plays  on  the  buckets  of  the  wheels  in  a  stream  of  great 
power.  These  jets  of  water,  spouting  under  pressures  of  from 
three  to  seven  hundred  pounds  per  square  inch,  seem  now  to 
have  almost  tost  the  character  of  ordinary  water  and  lo  have 
become  a  different  substance.  Nothing  built  will  resisi  the 
terrible  tearing  force  they  develop.  The  moving  of  mountains 
and  the  filling  of  rivers  and  harbois  is  a  tale  familiar  lu  all 
from  the  stories  of  mining  days,  but  even  a  knowledge  of  ihis 
does  not  enable  one  to  realize  the  force  so  much  as  does  the 
fact  that  these  jets  will  wear  away  and  tear  apart  riveted  shells 
of  boiler  iron  ;  a  stream  no  larger  than  your  smallest  finger 
will  pierce  and  kill  a  man  as  quickly  almost  as  a  shot  from  a 
gun  ;  the  skin  will  be  stripped  from  the  hand  if  laid  for  an 
instant  along  the  side  of  the  stream,  and  a  stone  or  board 
thrown  into  it  will  rebound  as  from  a  surface  of  rubber,  it 
being  thrown  many  feel  away.  The  scenes  about  these  power- 
houses are  of  great  beauty  and  are  filled  with  many  spectacular 
features.  As  one  approaches  one  hears  coming  up  the  caHon  a 
continuous  hummtng  sound  as  of  many  bees,  (or  the  machines 
that  one  see^  here  in  the  power-house  once  in  operation  are 
running  continuously  for  weeks  and  months  at  a  time.  Unc 
can  hardly  realize  that  in  this  bright  power-house,  with  no 
confusion  or  dirt,  and  little  of  the  evidence  of  what  one 
ordinarily  associates  with  machinery,  current  is  being  gener- 
ated for  the  operation  of  lights  and  cars  and  mills  in  cities 
many  miles  away,  where  annually  the  use  of  many  thousands 
of  ions  of  coal  is  being  displaced. 

In  some  ways  the  transmission  of  the  current  presents  more 
Startling  feats  of  engineering  than  the  generation  of  the  current 
itself;  poles,  wires  and  insulators  must  be  brought  many  miles 
into   the  mountains,  distribtiied    at   inaccessible  spots  over   a 
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hostile  coumry,  and  then  aficr  a  right  of  way  has  h«n  cleared 
through  ihc  forests  the  task  of  erection  requires  great  skill  and 
the  ability  to  overcome  obstacles  of  sianling  variety  At  times 
the  poles  must  be  set  in  river  beds  by  cementiog  to  mounds 
of  rock  so  ih;it  they  will  not  be  carrierl  away  during  the  spring 
floods;  at  other  points  the  line  must  be  swung  across  caftons, 
at  times  in  spans  exceeding  one-quarter  of  a  mite  in  length,  Bnd 
always  stretching  away  over  hills  and  valleys  to  the  far  distant 
city  in  a  course  as  straight  as  possible.  This  is  no  hii[>hacard 
work  such  as  is  often  seen  io  the  construction  of  the  tele- 
graph and  telephone  lines  about  us  here,  for  the  iruccess  of 
a  transmission  plant  depends  upon  the  permanence  and 
continuity  of  its  service,  for  the  attainment  of  which  the 
greatest  precautions  are  talcen  in  the  clearing  nf  the  right  of 
way  and  providing  for  a  continuous  patrol,  inspecting  and 
guardin|{  the  lines. 

In  the  cities  themselves  simple  substations  arc  used  for 
the  distribution  of  the  current,  where  often  Urge  amounts  of 
power  are  made  advisable  without  any  accompaniment  of 
dust  or  dirt  and  in  a  space  much  less  than  could  avail  for 
the  steam  engine  doing  a  simitar  amount  of  work. 

The  pictures  we  have  seen  give  one  an  idea  of  the  typical 
high-head  plant  of  the  Pacific  Coast  where  nothing  is  con- 
sidered high  head  when  the  pressure  is  less  than  too  pounds 
per  square  inch,  represeniinga  fait  of  water  of  about  loo  feet, 
and  from  such  heights  the  heads  increase  to  a  maximum  of 
about  3000  feel,  which  represents  almost  the  maximum  In  the 
developments  accomplished   up  to  the  present  time. 

It  will  be  interesting  now  to  examine  one  that  is  almost 
the  extreme  in  the  opposite  direction,  and  for  that  purpose 
we  will  take  a  glance  over  the  plant  at  Sauk  Stc.  Marie, 
Michigan.  To  be  sure,  the  financial  difficulties  of  the  company 
developing  this  power  have  lately  attracted  much  attention, 
but  we  are  now  discussing  engineering  and  not  finances.  Of 
engineering  of  a  high  order  there  has  been  no  lack  at  the 
Sault. 

In  carrying  the  water  of  I^kc  Superior  around  the  St. 
Mary's  Rapids  to  the  power-house  below  them,  where  the 
small  head  of  i8  feet  Is  being  utiliied,  one  of  the  deepest 
and  widest  canals  of  the  world  has  been  built,  15  feet  deep  and 
3 10  feet  wide.  This  cannl  curves  around  the  back  of  the 
town,   emptying    into   St.    .Mary's    River    through    the     power- 
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house  which  has  been  built  acro&s  the  tonbay  at  the  end 
of  the  canal,  the  house  itself  being  1465  feet  long,  over  a 
quarter  of  a  mile.  In  this  great  power-house  80  small 
generators,  each  of  400  horse-power,  are  set,  each  being 
directly  coupled  to  four  waier-whcels  set  without  any  Humes 
or  pipes   directly   in   the  waters  of   the   forebay   itself. 

The  dilliculiies  encountered  in  the  development  of  (his 
great  power  plant  have  been  those  of  handling  such  a  great 
volume  of  water,  but,  in  spite  of  the  great  difTicultiet  that 
have  been  met,  the  cost  of  the  whole  work  tia»  not  been  exces- 
sive, and  when  this  plant  is  entirely  completed  there  need  be 
no  fear  of  draught  or  flood,  for  from  that  greatest  of  storage 
reservoirs.  Lake  Superior,  the  flow  at  all  seasons  is  remarkably 
constant  and  at  all  limes  sufficient  for  the  generation  of  above 
100,000  horse-power. 

Some  of  the  most  beautiful  natural  scenery  surrounding 
these  power  developments  is  to  be  foun>l  in  our  neighboring  state 
of  Mexico.  There  the  characteristic  plant  is  one  with  a  diverting 
dam  in  the  river,  a  large  canal  along  the  mountain  side,  and 
a  water  head  at  the  wheels  of  from  80  to  too  feet.  The  work 
done  in  Mexico  is  of  a  surprisingly  stable  character  :  in  every 
point  of  detail  the  extensive  use  of  hand  labor  is  made  mani- 
fest, whether  In  dams,  canals  or  power-houses,  all  of  which  is 
warranted  by  the  fact  that  the  fuel  supply  of  Mexico  is 
severely  limited  and  the  prices  paid  for  power  make  large 
returns  in  revenue  upon   the  investment  in  the  power  plants. 

Let  us  not  think  that  the  development  that  has  been  made 
covers  either  the  needs  or  opportunities  of  the  present  day 
or  that  the  Installations  now  being  undertaken  are  simply  those 
of  which  consideration  has  been  previously  suspended  on 
account  of  mure  favorable  opportunities  of  power  development 
at  other  locations.  On  the  contrary,  amongst  the  develop- 
ments now  being  studied  are  some  of  whose  importance  there 
has  been  an  early  appreciation.  It  is  true  that  by  reason  of 
the  advancement  in  electrical  machinery  for  the  dcvelopmeot, 
transmission,  and  utilization  of  energy,  there  is  now  a  pos- 
sibility of  larger  stations  than  in  any  previous  period  of  the 
world's  history,  and,  furthermore,  the  cjuestion  of  accessibility 
and  nearness  to  market  is  less  important  than  heretofore  :  since 
there  is  now  almost  no  limit  to  the  size  of  development  that 
may  be  successfully  undertaken,  though  10  years  ago  there  was 
hardly  a  5ooo-hp  water-power  plant  in  the  country,  and  to>day 
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transmission    distances   up  to   25   or    30    miles    are    considered 
snort. 

At  present  our  engineers  are  engaged  upon  the  studies  for 
a  plant  of  great  magnitude  on  the  Potomac  river,  at  the  very 
point  where  George  Washington  was  engaged  as  a  civil 
engineer  before  he  entered  Braddock's  army. 

The  great  falls  of  the  Potomac  operated  flour  mills  before 
the  revolution,  and  Benjamin  F.  Butler  devoted  much  of  his 
time  and  money  toward  securing  control  of  all  the  power  rights, 
leaving  to  his  heirs  a  property  that  soon  will  be  utilized  in 
operating  the  lights  and  railroads  of  the  city  of  Washington. 
The  great  falls  of  the  Potomac  river  present  engineering  diffi- 
culties on  account  of  the  great  fluctuations  in  the  flow  of  the 
stream  and  on  account  of  the  peculiar  fact  that  below  the  falls 
the  river  enters  a  narrow  gorge  about  two  miles  in  length  where 
during  flood  periods  the  variation  in  the  river's  depth  is  as 
much  as  60  feet.  Only  after  continued  study  of  the  situation 
has  a  plan  been  evolved  overcoming  these  difiiculties  by  running 
a  long  canal  and  tunnel  completely  around  the  gorge  and  locating 
the  power-house  at  a  point  where  the  river  widens  and  the  ebb 
and  flow  of  the  flood  waters  is  not  great. 

I  trust  that  I  have  here  given  you  some  slight  idea  of  the 
problems  our  engineers  have  overcome,  and  have  given  you  some 
insight  into  the  fascinating  side  of  the  engineer's  work,  who 
always  in  doing  his  work  is  facing  nature  in  all  her  moods — 
facile,  fickle  and  wild — and  who  is  ever  benefiting  those  abroad 
as  well  as  those  at  home  and  leaving  behind  him  a  work  accom 
pushed  of  benefit  for  all  the  future. 
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President  Edgar  called  the  session  to  order  at  a  quarter  after 
nine  o'clock  in  the  evening,  following  the  lecture  by  Dr.  Pcrriiie. 

Mr.  James  I.  Ayer.  chairman  of  the  committee  on  relations 
with  kindred  organizations,  made  a  verbal  report,  and  stated  that 
the  committee  had  arranged  for  the  association  to  be  represented 
at  the  International  Electrical  Congress  to  be  held  at  St.  Louis 
in  September.  1904.  by  tiircc  members  who  would  present  papers. 
Mr,  A>er  also  stated  that  through  the  courtesy  of  the  Association 
of  Edison  Illuminating  Companies  part  of  its  si>acc  at  the  Louis- 
iana Purchase  Exposition  had  been  set  apart  as  the  headquarters 
iif  the  Xational  lilectric  Light  Association. 


The  rciTOrt  of  the  treasurer  was  read,  as  follows: 

Keixirt  of  the  stcrctary  and  treasurer  for  the  tiscal  year  end- 
ing December  3  [ .  1903 : 

REPORT  OV  SECRETARY  AND  TREASURER 

BosTiis,  Mass.,  May  24,  iga4- 

itjo.i.  January  i.  cash  in  bank $8,501,74 

Pellv  ca*li  in  hands  of  assiMant  trtatnrcr I50'23 

$8,651.97 

kKiKcns   iirKisi;  tuf.  fiscal  ykak 

Kniranct  fi-e'i  activf  niombt-rs.   igo.i $150.00 

Dni-s  active  members,  igo.i 6..)05.oo 

ICntmnci-  fws  active  memb<;r,^.  1904 175.00 

DiH-i  iiclivc  members,   igoj 140.00 

Dill  -  a.-'-i'Ciatc  member';,  lyoj 60.OO 

Due*  a-?ocialc  meiiilicr.-.    1911,1 1,600.00 

Due-  .i"iieiaie  member-.,  icx)4 jo.oo 

Ci'iilribulinn*  fnr  (he   work  of  llie  cumiiiittee  fur  in- 

\e-liKatinR  llio  |i]:ol ..metric  vahle-  of  are  lamps.  . .  462.50 

Sak-  lit  Re]ii>ri-;  of  the  THenty-sixth  Convention 200.00 

Receijil-  ace'ninl  miiniri(ial  plant-  invistiRation.  . . .  , .  .  3^-75 

Sale  oi  bail(;e>.  , , 1.15.00 

Simi-  refmidcil 20.50 

All^e^Ti^emellIs    in    I'r'ui'erlinn- 1.575-00 

Sale  .11   piiblkalion* 3.12  25  $11,214.00 

Tital  ea-b  availahk'  ihiriiiK  the  year $tQ.?65.q7 
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mSKUKSEMENTS    DURING  THE    FISCAL    VEAH 

S.il:iry  <•!  former  secretary  and  treasurer $3,1,1,12 

S^ihiry  lit  a«-i.-.tanl  secretary  and  treasurer 1,791.62 

J'S?'-''  ■:''"'    503.,1S 

llmi'i:   iiirci-   73250 

Priiiiiiif!  and  stationery 564.03 

Trnvi'ljiig  cx|ienses   210,70 

I'u.iage  and  telegrams 832.73 

K.^ijre-,  .int]  inesstngers. 28.67 

K\[it'iulimrc-  accimiit  Twenty-fifth  Convention 1,342.03 

l^\[)inihinre-  accoiiiit  Twenty-sixth   Omi"enlion 2.027.92 

['riiiiiiiB  and  cspcnses  of  ptiblication.  ..,..,..,. 7^S-O0 

l^.^lien-i''   di-trict   steam   heating   comTTiiltec 58.73 

I  Vk'-,    ^ii..    refunded 18.50 

Oltiie  fii  rill  til  re   187.2O 

Teli|iliinie  rental  and  messengers. 90.67 

iCxpen-i—  account  municipal  fund S'-So 

l^xpl'u-^'-    iiccount    committee     for    invesligating    the 

ptuitmiK-Iric  value>  of  arc  lamps 409.14 

linrl^re-  I'lir  tile  Tiienty-sixih  Convention 327.34 

Office    -iiiulrie- 97-20 

TiPial  expenditures  lUirmg  the  fiscal  year $10,392,17 


CASH   ox    HA.\[)  DECEMUER  3I,    I9O3 

[  11  hank   $9,323.80 

111   Ii.nndi   of   assistant   treasurer 150.OO    $9,473^(0 


.\SSETS 

•.■^i-h  a-  per  stateinenl $9,473.80 

( Hiicc  inrniiure  ,  , 453.20 

T'  iial    ! $9,927.00 

LIABILITIES 

-\i>ne  except  current  bills. 

STITKMKNT    OF    FLSll    FOK    EXPENSES    OF   COMMITTEE    FOk    INVESTIGATING   THE 
PHOTOMETSIC   VALL'ES   OF   ARC   LAMPS 

[i)o,i,  J.iiitiary  i,        Balance  on  hand $130.55 

Received  during  the  year 462,50 


$59305 
Disbursed  during  the  year 409.14 

HKi.t,   I'eceinbcr  .ii.   Balance  on  hand $183.91 

MUNICIPAL   PLANT   l.VVEBTICATIOS    FUND 

HAi-  January  I,        Balance  on  hand $2,772.20 

Received  during  the  j-car 38.75 

$2,810.95 
Disbursed  during  the  year, , 51S0 

ii>03,   December  31,   Balance  on   hand $2,759.45 
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DISTRICT    STEAU    HEATING   COMUITTEE    FUNS 

1903'  January  i,        Balance  on  hand $250.00 

Disbursed  during  ihe  year sS.JS 

1903,  December  31,  Balance  on  hand $191-23 

STEAM    TURBINE   COUMITTEE 

1903,  December  31,  Original  appropriation  intact fl.ooD.oo 

Amount  of  cash  on  hand  December  31.  1903,  in  general  fund $5,339.19 

Respectfully  submitted, 

Ernest  H.  Davis, 
Secretary  and  Treasurer. 

Mr.  H.  H.  Fairbanks,  cliairman  of  the  finance  committee, 
presented  the  following  report: 

REPORT  OF  FINANCE  COMMITTEE 
The  finance  conmiittee  begs  to  report  that  it  has  examined 
the  books  of  the  association  and  finds  that  the  ticasurer's  report 
agrees  with  the  amoimt  as  shown  by  the  bank-book  and  vouchers 
that  accompany  it. 

The  committee  begs  to  recommend  that  a  professional  auditor 
be  employed  to  audit  the  accounts  of  the  association  annttall>-, 
two  weeks  before   the  date  of  the  annual  convention,   at  the 
permanent  office  of  the  association,  in  New  York  city,  and  that   ■ 
his  report  be  submitted  as  the  report  of  the  finance  committee. 

*     Respectfully  submitted. 

(  H.   H,   F.viKi!.\\-i:s.  Chairman 
Committee,  J    \V,  S.   H.\iiST()W, 
(   !£,  V.  Peck. 

On  inotion,  the  report  of  the  finance  committee  was  accepted 
and  the  recommendations  contained  therein  approved. 

The  report  of  the  treasurer  was  then  ordered  to  be  accepted 
and  a[}pro\'ed. 

It  wan  reconinicudcd  by  the  executive  connnittee  that  the 
three  paj)ers  to  be  read  l^cforc  the  International  Electrical  Con- 
fircss,  to  be  held  at  St,  Louis  in  Sei>tember.  k)04,  with  the  names 
of  the  authors,  be  as  follows ;  ".■\merican  Meier  i  'ractice."  by  Mr. 
Cicorge  Ross  (Irecn,  of  Philadelphia;  ".American  Practice  in 
High- Tension  Line  Construction  and  Operation."  by  Dr.  Fred- 
eric A.  C.  Perriue,  of  Pittsfickl,  Massachusetts;  and  "'The  Pro- 
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tection  and  Control  of  Large  High-Tension  Distribution  Sys- 
tems," by  Mr.  George  N.  Eastman,  of  Chicago. 

On  motion  of  Mr.  F.  E.  Smith,  this  recommendation  of  the 
executive  committee  was  adopted. 

On  motion  of  Mr.  Henry  L,  Doherty,  the  committee  for 
investigating  the  photomteric  values  of  arc  lamps  "vas  discharged. 

On  motion  of  Mr.  Henry  L.  Doherty,  it  was  voted  that 
the  fnnd  on  hand  contributed  for  municipal  ownership  investi- 
gation be  maintained  as  at  present,  subject  to  conversion  to  the 
general  fund  at  the  will  of  the  executive  committee,  as  there 
was  no  probabilitv  of  the  same  being  needed  for  the  purpose  lor 
which  it  was  raised. 

Action  was  taken  on  the  reixri  of  the  committee  appointed 
to  consi<ler  and  report  on  proposed  amendments  to  the  consti- 
tution and  by-laws,  and  the  following  amendments  were 
approved  by  the  association,  lo  go  into  effect  the  first  of  Janu- 
ary, 1905: 

AMENDMENTS  T(J  THE  COXSTITUTIOX  OF  THf! 
NATIONAL  ELECTRIC  LIGHT  ASSOCIATION  AS 
PROPOSED  AND  RECOMMENDED  BY  THE  SPE- 
CIAL COMMITTEE  OF  THE  ASSOCIATION  ON  BY- 
LAWS FOR  ACTION  AT  THE  TWENTY-SEVENTH 
CONVENTION 

Section  i  of  Article  III.  on  Membership,  which  reads  as 
follows : 

"Article  III— Membership.  Section  i.  Members  shall  be 
divided  into  three  classes — active,  associate,  and  honorary.  Act- 
ive members  only  shall  be  entitled  to  vote,  and  shall  be  corpora- 
tions or  individuals  engaged  in  the  business  of  producing  and 
supplying  electricity  for  light,  heat  or  power,  for  commercial 
and  public  use," 
be  so  amended  as  to  read : 

Article  III — Membership.  Section  i.  Members  shall  be 
divided  into  live  classes — Member  companies.  Members.  Associate 
member  contpanies.  Associate  members  and  Honorary  memben. 
Member  companies  only  (Class  A)  shall  be  entitled  to  role, 
and  shall  be  private  corporations  or  individuals  engaged,  in  the 
business  of  producing  and  supplying  electricity  for  light,  heat 
or  poiivr.  for  commercial  or  public  use. 
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Section  2  of  ssid  Article  III  shall  be  a  new  section  and  shall 
read: 

Section  2.  Members  shall  he  officers  or  employees  of  Mem- 
ber Companies,  elected  ami  continued  only  from  year,  to  year  vnth 
the  '.vritlen  consent  of  the  Member  Company  with  whom  con- 
nected, and  they  shall  be  distinguished  as  Class  B;  and  instruc- 
tors and  teachers  of  engineering  and  related  sciences  shall  be 
eligible  as  members  and  shall  be  designated  as  Class  C. 

Members  Class  B  shall  have  all  the  privileges  of  Member 
Companies  Class  A,  except  the  right  to  vote,  and  to  attend  the 
exccniive  sessions  of  the  convention,  but  shall  be  allowed  to 
attend  such  executive  sessions  upon  obtaining  the  written  con- 
sent of  the  Member  Company  Class  A  vouching  for  their  mem- 
bership. 

Members  Class  C  shall  haze  all  the  privileges  of  Member 
Companies  Class  A.  except  the  right  to  I'ote,  to  hold  office,  and 
to  attend  the  execiilive  sessions  of  the  convention. 

That  present  Section  2  be  made  Section  3,  and  shall  read: 

Section  _?,  As.'<ociale  ^femher  Companies  shall  be  electri- 
cians, electrical  or  mechanical  engineers,  manufacturers — corpo- 
rations or  individuals — who  arc  directly  or  indirectly  interested 
in  advancing  the  use  of  electricity.  They  shall  have  the  right 
to  attend  all  the  meetings  of  the  Association  (except  executive 
sessions),  and  to  discuss  papers  read  before  the  Association,  and 
shall  be  known  as  Class  P. 

.-Issociate  Members  fhall  be  officers  or  employees  of  Asso- 
ciate Member  Companies  Class  D  elected  and  continued  from  year 
to  year  ':vith  the  tvrillen  consent  of  the  Associate  Member  Com- 
pany with  whom  connected.  They  shall  have  the  right  to  attend 
oil  meetings  of  the  A.isociation  (except  executive  sessions),  and 
If  discuss  papers  read  before  the  Association ;  and  they  shall  be 
designated  Class  E. 

That  [irescnt  Section  3  be  made  Section  4,  and  shall  read; 

Scelit'u  ./.  Honorary  iiieiiibers  shall  include  those  aiready 
clrclcil  as  such,  and  such  other  persons  as  mav  be  elected  upon 
the  nna)iinious  recmiiicudalion  of  the  exeeutii'e  committee  and 
appro-red  hy  a  Iwo-lliinls  '.ole  of  the  Association. 

That  present  Section  4  be  made  Section  5,  and  shall  read: 

.Seeliou  ^.  In  ease  of  a  corporation  the  membership  shall 
sliiiid  in  the  name  of  the  company,  and  such  company  shall  hcn'c 
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llie  right  to  be  represented  at  any  meeting  of  the  Association  by 
any  of  its  officers  or  directors,  or  by  its  regularly  employed  man- 
ager or  superintendent,  and  such  representative  may  or  may  not 
be  a  Class  B  member. 

That  present  Section  5,  which  reads : 

"Section  5.     No  individual  actively  associ3ti:d  with  a  cor- 
poration holding  an  active  membership  shall  become  an  active 
member  in   his  own  name  unless  he  shall  own  and  operate  a 
central-station  plant  individually," 
be  droppa:. 

Article  VII — Dues,  which  reads  as  follows-. 

"Article  \I1 — iJues.  After  January  i,  1903,  all  new  active 
members  shall  pay  an  entrance  fee  of  twenty-five  dollars.  The 
annual  dues  of  active  members  in  cities  and  towns  of  less  than 
20.000  population  shall  be  ten  dollars ;  the  dues  of  active  members 
in  cities  and  towns  of  from  20,000  to  300,000  population  shall 
be  twenty-five  dollars;  and  the  dues  of  active  members  in  cities 
and  towns  of  over  300,000  population  shall  be  fifty,  dollars,  and 
dues  of  associate  members  shall  be  t^vcnty  dollais.  These  dues 
shall  be  payable  in  advance  and  shall  cover  the  calendar  year. 
Any  member  in  arrears  for  one  year's  dues  shall  be  dropped  from 
the  rolls,  and  if  reinstated  shall  pay  full  dues  for  the  time  during 
which  membership  lapsed,  or  shall  be  required  to  pay  again  the 
entrance  fee  of  twenty-five  dollais. 

"h'or  the  remainder  of  the  year  1902,  new  members  from 
towns  of  less  thin  20,000  population  will  be  received  in  full  mem- 
bership upon  payment  of  ten  dollars  dues," 
be  so  amended  as  to  read : 

Article  VII — Dues.  The  entrance  fee  of  Member  Com- 
panies shall  be  tzventy-five  dollars. 

The  annual  dues  of  Member  Companies  in  cities  and  towns 
of  less  than  30,000  population  shall  be  ten  dollars;  in  cities  or 
lo'.vns  of  from  20,000  to  300,000  population,  twenty-five  dollars; 
and  in  cities  or  towns  of  over  300,000  population,  fifty  dollars. 

The  initiation  fee  of  Class  B  members  shall  be  five  dollars, 
and  the  annual  dues  shall  be  five  dollars. 

No  initiation  fee  shall  be  paid  by  Class  C  members,  and  the 
annual  dues  shall  be  four  dollars. 

The  initiation  fee  of  Class  D  members  shall  be  twenty-five 
dollar.^,  and  the  annual  dues  shall  be  twenty  dollars.. 
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The  initiation  fee  of  Class  E  members  shall  he  five  dollars, 

and  the  animal  dues  shall  be  five  dollars. 

All  dues  shall  be  payable  in  advance,  and  shall  cover  the 
calendar  year.  Any  member  in  arrears  for  one  year's  dues  shall 
be  dropped  from  the  rolls,  and  if  reinstated  shall  pay  full  dues 
for  the  time  during  tvhich  membership  lapsed,  or  if  required  by 
the  cxccnfive  committee  shall  pay  again  the  entrance  fee  of  his 
class. 

An  amendment  tliat  voting  by  proxy  be  permitted  only  for 
the  election  of  officers  was  voted  down. 

A  suggestion  hy  Mr.  Samuel  Scovil,  of  Cleveland,  that  the 
liy-laws  be  so  amended  that  the  members  of  the  nominating 
committee  be  elected  at  an  executive  meeting  of  the  association, 
was  discussed  and  then  referred  to  the  committee  on  amendments 
lo  by-laws,  consisting  of  Mr.  Henry  L.  Doherty,  chairman, 
Mr.  H.  T.  Hartman  and  ^[r.  Ceorge  W.  Brine,  with  instructions 
to  report  any  desired  amendments  to  the  next  convention  for 
action  by  the  association  at  the  first  executive  session. 

The  committee  on  nominations  presented  the  following 
rejKirt : 

The  nominating  committee,  after  due  consideration,  begs 
to  recommend  the  following  nominations  for  the  officers  of  this 
association  for  the  ensuing  year: 

For  presi<lent,  Mr.  Ernest  H.  Davis,  of  Williamsport,  Penn- 
sylvania. 

For  first  vice-president,  Mr,  William  II.  RIord,  Jr..  of  Seat- 
tle, Washington. 

For  second  vice-|)rcsident.  Mr,  ,\rthnr  Williams,  of  New 
York  city. 

For  secretary,  and  treasurer.  Mr.  Dudley  Farrand.  of  New- 
ark, Xew  Jersey. 

l"or  new  members  of  the  executive  committee:  Messrs.  Sam- 
uel Scovil,  of  Cleveland  :  A.  J,  DeCamp.  of  Pliiladelphia,  and 
W.  I-.  While,  of  St,  Loui-;. 

Respectfully  submitted. 

f  P.    G.    G(issi.r,«.   Chairman. 

]  D.  P.  Roiii N.SOX, 

Committee,  -J  Irvix  ISuttkh worth, 

I  W.  C.  I..  Ecus, 

'  F.  Fu.woon  S.MiTH. 
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(  tn  niolioii  of  Mr.  Aver,  the  report  of  the  committee  was 
:Hrct'|HO(l,  and  the  secretary  was  instructed  to  cast  one  ballot  for 
ilio  siciiilemen  named. 

IVesidi'iit  Kdgar  ap|>ointed  Mr.  Ferguson  and  Mr.  Doherty 
:i  committee  to  escort  the  newly-elec^ed  president  lo  the  chair. 

['KHiiJDKNT-Ri.KCT  Davis  :  Gentlemen  of  the  convention,  1 
.im  very  much  j;ratified  at  the  unexpected  action  taken  by  the 
association,  and  I  thank  you  for  the  honor  that  you  have  con- 
fcrreil  upon  me.  Personally,  I  should  have  preferred  that  a  man 
iif  [greater  experience  in  the  art  and  science  of  electric  lighting, 
and  in  the  practical  branches  of  the  business,  had  been  selected 
as  \oiir  president.  I  am  new  to  the  business,  but  will  say  that, 
-.11  far  as  nn  |X'rsiiiial  efforts  are  concerned,  they  shall  be  wholly 
.'ind  fully  ilevotcd  to  the  success  and  Ijest  interests  of  the  associa- 
lioii.  To  achieve  a  full  measure  of  success  in  tin"  coming  year, 
1  must  have,  and  shall  certainly  expect,  the  heartiest  co-operation 
frnm  all  the  members.  I  shall  feel  that  I  have  the  right,  within 
reason,  to  get  from  every  person  connected  with  the  association 
the  information,  papers  and  other  data  necessary  to  approximate, 
and  if  possible  to  exceed,  the  results  of  previoiis  conventions. 
Small  companies  have  not  the  same  facilities  for  obtaining  infor- 
mation of  value  to  the  association  that  the  larger  companies  have, 
and  die  smaller  companies — one  of  which  I  have  the  pleasure 
of  representing — should  appreciate,  as  I  do.  to  the  fullest  extent 
die  tremendous  benefits  that  have  been  derived  from  the  untiring 
and  tinseifish  work  of  those  representing  the  larger  companies. 
I  thank  you  very  much,  gentlemen,  for  this  honor,  and  shall  do 
my  besi  to  repay  yonr  confidence. 

Captain  Rropliy,  chairman  of  the  committee  on  standard 
rules  for  electrical  construction  and  operation,  then  presented 
ibe  fi>llovving  report: 

KF.PORT  or  COMMITTEE  ON  STANDARD  RULES  FOR 
ELECTRICAL   COXSTRUCTION   AND  OPERATION 

To  the  President  and  ^fembers  of  the  National  Electric  Light 
.-hsociation  : 
( JKNTi.KMEN  :  The  committee  on  standard  rules  for  electrical 
con  .St  met  ion  and  operation  takes  great  pleasure  in  announcing 
ihi?  fact  that  at  the  last  meeting  of  the  Cnderw ■■iters'  National 
Electric  .\ssocialion,  held  in  New  York  in  December,  1903.  no 
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radical  changes  were  made  in  the  National  Electrical  Code, 
although  many  were  proposed.  Bearing  in  mind  the  radical 
departure  atteinpted  and  in  a  measure  accomplished  by  that 
association  in  attempting  to  assume  the  functions  of  the  muni- 
cipal authorities  whose  plaip  duty  it  is  to  regulate  the  location 
and  construction  of  all  classes  of  electrical  lines  located  over  or 
under  the  public  streets,  two  members  of  your  committee  attended 
the  meeting  for  the  purpose  of  safeguarding  the  interests  of  the 
members  of  this  association. 

The  only  business  of  real  importance  to  the  members  of  this 
association  was  the  report  of  the  switch  and  cut-out  committee, 
that  is  endeavoring  to  bring  about  a  proper  standard  of  inclosed 
fuse  and  fuse  block,  in  order  to  prevent  the  improper  fusing  of 
branching  and  circuits.  This,  being  a  much  desired  end,  meets 
with  the  approval  of  your  committee. 

Respectfully  submitted, 

i'  \Vi[.i.i.\M  liHOPJiY,  Chairman. 
Committee,  4    J.\mes   I.   Ayer, 

I    Lofis  .'\.  I'>:rc!.:sox, 

A  discussion  of  the  National  Electrical  Code  followed  the 
presentation  of  Captain  Brophy's  report,  and  upon  motion  of  Mr. 
Scovil  the  matter  was  referred  to  the  executive  committee,  with 
instructions  to  appoint  a  strong  committee  to  take  the  matter  up. 

An  invitation  from  the  mayor  of  Niagara  Falls  was  read, 
asking  the  association  to  hold  its  next  meeting  in  that  city. 

Mr  E.  F.  Phillips,  of  Detroit,  called  attention  to  the  merits 
of  Detroit  as  a  convention  city. 

Mr.  DeCamp  extended  an  invitation  to  the  association  to 
hold  its  next  meeting  in  Philadelphia,  promising  to  try  to  equal 
the  entertainment  provided  for  this  convention  by  the  Boston 
people. 

Mr.  .Vrthiir  \\'illiams.  on  the  jiart  of  the  New  York  Edison 
company,  expressed  a  desire  to  entertain  the  association  in 
New  York. 

Mr.  Tripp  .said,  on  behalf  of  the  western  members  of  the 
association,  that  in  his  opinion  the  next  meeting  should  be  held 
in  the  We.st. 

Mr.  Scovii,:   I  want  to  move  that  the  heartv  thanks  of  this 
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association  and  i-ach  member  of  it — and  I  know  the  ladies  also 
desire  to  be  included — be  tendered  to  the  New  England  entertain- 
ment committee,  the  New  England  Telephone  Company,  and 
to  ever}'  contributor  to  the  fund  that  has  been  provided  for  our 
entertainment.  I  know  that  I  voice  the  sentiment  of  every 
individual  who  has  had  the  opportunity  to  be  in  this  famous  old 
city  during  the  past  week  when  1  say  that  we  heartily  thank  you 
for  what  you  have  done  for  us.  It  has  been  beyond  all  precedent. 
I  want  to  express  for  all  concerned  our  very  hearty  appreciation 
of  the  great  hospitality  that  we  have  received  in  your  good  city; 
and  I  know  that  in  going  away  we  i-liall  carry  with  us  very  tender 
recollections  of  your  very  great  kindness,  and  we  only  hope  that 
we  shall  have  an  opportunity  some  <lay  or  other  to  come  back 
and  that  wc  shall  at  that  time  be  presided  over  by  as  competent 
an  executive  oiTicer,  as  thorough  a  gentleman,  and  all-round 
good  fellow,  as  Mr.  Charles  L.  Edgar. 

(The  motion  was  put  by  the  secretary  and  unanimously 
carried  amid  applause.) 

Motion  was  made  by  ^t^.  Eglin  that  the  incoming  president 
appoint  a  committee  of  three  to  draft  resolutions  on  the  death 
of  members  who  have  died  since  the  preceding  convention. 

(The  motion  was  carried.) 

Mr.  Doherty,  chairman  of  the  committee  on  relations  between 
manufacturers  and  central -station  companies,  reported  that  there 
was  nothing  of  importance  to  present  on  the  part  of  that  com- 
mittee 

On  motion  of  Mr.  Dow,  Mr,  Dusman's  recommendation  that 
inijuiry  blanks  be  sent  to  members  in  duplicate,  printed  in  copying 
ink  if  possible,  was  adopted. 

The  convention  then  adjourned. 


APPENDIX    A 


UNDERGROUND  CONSTRUCTION 


BY 

\V.    p.    HANCOCK 


DIAGRAMS    APPENDED 


The  call  of  the  Secrelarj'  of  the  Association,  (or  a  paper  on  Under- 
firound  Construction,  as  [ler  Mr.  Dohertyfe  previous  request,  that  is 
to  say,  a  pajier  "so  complete  and  detailed,  that  any  central  station 
man  who  i.s  forced  to  put  his  wires  underground  can  do  so  by  the  guid- 
iincc  of  such  a  paper,"  will  no  doubt  be  heeded  to  a  large  degree,  and 
a  great  many  men  associated  with  underground  construction  will  place 
the  methods  they  choose  to  employ  on  record  at  this  meeting;  but  the 
writer  wishes  to  suggest  that  a  "complete  and  detailed  paper"  as  called 
for  cannot  be  regarded  as  a  short  storj-,  and  therefore  if  there  seems  to 
■  lie  too  much  detail  in  this  paper,  I  ask  you  to  be  lenient,  for  I  have  only 
intended  to  meet  the  re<iuirements  of  the  call. 

I'RKLIMINARV  SURVEY: 

Assuming  that  the  "central  station  man"  has  been  forced  to  put 
his  lines  underground,  or  that  he  is  to  install  a  new  system  for  either 
alternating  or  direct  currents,  the  first  thing  he  needs  is  a  map  of  the 
district  he  wishes  to  co\er;  by  a  map  I  mean  a  survey  such  as  one  can 
generally  find  by  applying  to  the  city  or  town  authorities;  he  will  next 
consider  what  streets  he  can  best  use,  after  considering  the  load  his 
system  has  or  will  have,  the  shortest  distance  available  over  which  to 
transmit  the  load,  his  probable  heavy  points  or  centers  of  distribution, 
not  for  a  moment  losing  sight  of  needs  for  future  business,  when  con- 
sidering the  numljer  of  ducts  which  will  form  his  conduit  and  the  num- 
Iicr  and  size  of  manholes  he  will  need.  If  the  district  is  located  in  a 
larjje  cily,  he  must,  previous  to  deciding  on  any  location,  consult  the 
^Ireet  sen'ice  plans  of  the  city,  and  also  those  of  other  corporations, 
and  find  whether  or  not  it  is  possible,  at  a  reasonable  cost,  to  sink  his 
trenches,  and  locate  his  manholes,  without  interfering  with  the  service 
of  others,  and  he  must  especially  keep  in  mind,  that  increasing  dis- 
tance, with  a  stated  number  of  volts,  means  increasing  loss  in  kilo- 
watts, which  reflects  itself  on  the  coal  pile  and,  therefore,  adds  expense. 


ACTUAL  SURVEY: 

Haling  settled  in  his  own  mind  what  he  wants  in  the  nature  oi 
lines,  the  "central  station  man"  needs  next  an  experienced  and  com- 
petent engineer,  one  to  whom  he  can  tell  his  needs  and  rely  on  for  sound 
advice,  and  as  soon  as  such  assistance  is  secured,  an  actual  sur\~ey 
should  be  promptly  made  on  the  proposed  locations,  by  the  usual 
methofl  of  measuring,  and  field  book  notes,  and  if,  when  the  notes  are 
complete,  the  conditions  seem  to  indicate  a  reasonably  good  line  with- 
out an  excessive  cost,  the  engineer  should  get  his  men  at  work  on  his 
notes,  and  produce  therefrom  the  necessary  plans,  from  which  a  pro- 
spective bidder  on  the  wrjrk  c:in  >ee  at  a  glance  the  location  of  the  line, 
the  distance  between  manhnjes,  the  cross  section  of  the  conduit,  show- 
ing the  number  and  size  of  duct>,  the  location,  size  inside,  and  probable 
depth  of  manholes,  indicating  also  the  thickness  of  walls  and  depth  of 
concrete  base,  and  whether  walls  are  plain  or  shelved  for  cable  sup- 
ports, and  also  show  the  type  of  manhole  co\cr. 

Having  completed  his  plans,  traced  them,  and  then  secured  the 
requisite  number  of  blue-prints  to  submit  to  the  city  authorities  and 
also  to  prospective  bidders,  he  needs  a  ^ct  of  specifications  to  give  out 
with  plans  lo  the  liidders,  and  if  his  engineer  has  had  sufficient  ex- 
perience in  this  line  of  work,  they  can  he  furnished  forthwith,  and  a 
set  could  be  easily  included  with  this  paper,  but  are  not,  for  the  reason 
that  I  do  not  think  the  Association  v.ould  appreciate  them  at  this  time, 
as  it  is  well  knitwn  thai  the  -ipecifi  cat  ions  for  this  class  of  work  are 
accessible  if  applied  for  al  the  ofiite  of  most  any  large  company. 

RIGHT  OF  WAY: 

The  "central  station  man"  having  provided  himself  with  the 
necessary  data,  he  may  now  make  his  formal  application  for  right  of 
way  on  the  one  hand,  while  on  the  other  he  can  send  out  his  invitations 
to  contractors  for  bids  on  his  work.  In  the  first  instance  I  hope  he  is 
in  gtjod  standing  with  "the  powers  that  be,"  and  in  the  second  in- 
stance I  hope  he  will  send  his  invitations  to  bid  to  several  contractors 
who  have  had  experience  in,  and  are  competent  to,  construct  conduit 
lines  for  electrical  service,  and  not  assume  that  a  few  laborers  and  a 
brick  mason  are  all  that  is  needed. 

PLACING  CONTRACT: 

.■\ssuming  that  right  of  wa)'  has  been  secured,  and  thai  bids  have 
arrived  in  the  meantime,  you  are  now  ready  to  place  a  contract  for 


)(inr  "ork  and  your  engineer  should  then  be  called  on  for  advice  in 
this  im|>nrtant  matter;  he  should  with  you  look  over  the  bids,  for  while 
the  speciticalion-i  and  plans  submitted  are  alike,  it  does  not  necessarily 
fiillow  that  the  lowest  bidder  should  do  the  work.  His  responsibility, 
financial  and  moral,  should  be  considered.  The  question  of  his  experi- 
ence and  al>ility  lo  carry  on  work  of  this  type  in  crowded  streets  with- 
out excessive  complaint  irom  abuttors,  and  especially,  your  own  cus- 
tomers' interests  should  be  looked  after  thoroughly,  and  additional 
III  this,  he  should  give  you  a  bond  to  indemnify  your  company  for  accj- 
ilciiis  which  may  occur  on  his  work;  another  bond,  to  guarantee  his 
workman;^hip  and  material  for  a  period  not  to  exceed  five  years;  and 
another  one,  if  required,  to  keep  the  surface  of  the  streets  through  which 
he  has  oj)erated  in  such  a  con<lition  as  is  required  by  your  city  officials, 
fur  a  [>eriocl  not  to  exceed  one  year. 

One  more  point  as  to  the  contractor  and  the  specifications.  Make 
the  latter  iron-clad  if  you  choose;  make  them,  if  you  will,  so  that  they 
stand  practically  for  the  interest  of  your  company  alone,  but  after  you 
do  that,  use  discretion,  for  if  you  do  a  great  deal  of  this  type  of  work, 
you  will  find  that  to  be  reasonable  and  fair  with  a  contractor  who  is 
doing  your  work,  and  who  encounters  difficulties  in  its  progress  that 
either  he  or  you  did  not  even  imagine  existed,  will  in  the  end  be  an 
ailvantage  to  you  rather  than  otherwise;  and  bear  in  mind,  that  he  is 
open  to  criticism  from  all  the  people  who  are  on  the  streets  and  all  of 
the  companies'  or  individuals  who  have  properly  under  them,  and  of 
course,  being  a  "central  station  man,"  you  will  at  least  sympathize 
more  or  less.by  reason  of  having  had  troubles  of  your  own, 

MATF,RI.\L  AND  LABOR; 

Whether  you  intend  to  build  your  lines  yourself  or  have  them 

built  l)y  contract,  there  will  be  material  and  labor  used,  and  it  should 
be  of  the  best  of  its  kind  in  either  case,  and  for  the  reason  that  a  firsl- 
ilass  conduit  installed  is  good  for  all  lime,  so  far  as  wear  is  concerned, 
;lliiI  if  the  material  has  been  of  the  best  and  the  workmanship  all  that 
it  should  be,  the  repair  and  renewal  charges  will  be  low  enough  to 
]j|ease  you  at  the  end  of  everj'  month  in  the  year. 

In  taking  up  the  matter  of  material  and  labor  I  shall  use  some 
figures  which  will  closeh'  approximate  the  cfirrect,  but  I  am  using  them 
fr)r  illuslrali\'e  purposes  only,  and  I  will  ask  you  to  kindly  consider 
that  they  are  given  for  that  end. 

Then  the  material  vou  will  need  follows:  — 

First,  a  clav  duct  that  is  suited  to  vour  conditions.    If  vour  streets 


arc  congested  under  the  surface  use  a  short  length  single  duct;  if  the 
work  is  in  a  suburban  district  use  a  cby  duct  constructed  in  multiple, 
and  in  either  case  make  a  careful  seleaion  and  pronde  yourself  wiib 
goods  made  from  the  right  kind  of  clay,  and  by  that  I  mean  a  day 
that  when  it  is  in  its  6nished  slate  and  ready  for  use  is  as  nearly  non- 
absorixnt  as  possible.  For  the  concrete  you  will  need  a  grade  which 
is  not  of  excessive  cost,  but  it  should  be  made  suffidenily  strong  so 
th&t  four  inches  of  it  unll  form  a  suitable  foundation  for  your  conduit, 
and  you  viU  nith  the  same  grade  surround  the  two  sides  and  the  top 
of  the  conduit  with  a  thickness  of  three  inches.  The  concrete  should 
be  composed  of  a  five-part  mi.viure  as  follows:  One  pan  good  quality 
Rosendale  cement,  two  parts  crushed  stone,  two  parts  sand;  and  with 
the  conduit  protected  on  all  side>  with  ihi?  mixture,  well  set,  there  will 
be  little  danger  of  its  e\er  beini'  di^tu^bed  or  injured  in  anv  wav  by 
other  underground  work  which  ma}'  lie  installed  in  the  future  in  close 
proximity  to  your  lines. 

Von  need  mortar  to  la}  your  duels,  and  to  build  the  manholes,  and 
Rosendale  cement  one  part,  anil  two  parts  san<i.  wiL  make  a  strong 
mortar  for  these  puqxi^es:  in  fact  there  are  many  who  would  make 
this  mortar  of  one  pan  tement  and  three  parts  sand,  but  from  actual 
e.iperience  I  prefer  the  former  mi\iure. 

You  «-il!  need  a  good  qualit}-  of  spruce  boards  one  inch  thick  (or 
the  side  boards  on  either  side  of  the  trench,  in  order  to  form  the  con- 
crete to  the  conduit,  and  not  waste  the  concrete  material,  and  }ou  will 
also  need  the  lumber  to  cover  the  top  of  your  conduit,  after  the  three 
inches  of  concrete  has  been  placed  over  the  ducts,  but  this  lop  layer  of 
spruce  should  be  two  inches  thick.  Mani-  prefer  lo  use  creosoted 
piank,  or  so  called  kyani/**]  lumber,  but  in  my  opinion  the  extra  cost 
of  this  material  over  that  of  plain  two-inch  ?pruce  plank  is  money 
wasted,  for  as  a  matter  of  fact  ihi.-i  proietiion  is  for  two  purposes  only, 
first  to  protect  the  top  concrete  uniil  it  is  set  solid,  and  after  thai  its 
onlv  function  is  lo  sene  a-  a  si-jnal  to  future  excavator^,  that  they  are 
.'iinkin^  over  ^omc  sort  of  construction,  the  location  of  which  they  have 
failcfi  to  muc  in  iheir  plan>. 

Your  hriik-  inv  ihi'  m.inhoies.  nr  jierhaps  handholcs.  or  loth, 
>h(.u!d  be  a  ^uml  ijvi^iliiy  nf  h;'.r.!  bumt'l  -cwor  brii  k  mi  i.-ilied.  The 
frume-wurk  i'nr  the  ti>]i  h1  &.i-  nianhnlf.  uhi,h  wilt  ^uppnrl  the  roof 
arid  manhiiie  fnime  and  irncr.  -hii\:lii.  in  .ill  iifilii'.ar}'  m.iiih.'les.  consist 
<if  stev!  rail-;  ^ei'mil-haiiil  >iMv  |>i>unii  rail-  will  .iT;-\MT  ihc  [>ur}.".>se, 
unit'--  lh<-  irafiic  i-  nf  .in  unii>ii,illv  heavy  nature  in  i:u"  ■ii.-Tri.t.  In  a 
manhiilf  ii\f  bv  live  fvfi  in>iiic  \iii',  «i!l  Ofed  eichl  jiiivi--  ••{  the  .-iijiive 


material.     Manhole  castings  may  be  of  the  heavy  sewer  type,  or  of 

the  double  cover  type,  depending  on  the  type  of  lines  which  will  operate 
through  the  manholes,  and  also  whether  or  not  transformers  are  to 
be  placed  therein.  Additional  material  in  the  form  of  tools,  lanterns, 
barriers,  flags  and  lumber  for  crossings  and  sheeting  the  trench  when 
necessary,  will  be  needed  if  you  do  the  work  with  stock  and  labor  from 
your  own  company ;  but  I  will  suggest  that  you  will  have  less  difficulty, 
less  book-keeping,  and  have  just  as  good  lines,  if  you  employ  the  right 
kind  of  a  contractor. 

Assuming  you  wish  to  furnish  your  own  labor,  you  already  have 
securer!  ihe  ser\'ices  of  a  good  engineer,  who,  having  assisted  you  to  lay 
out  your  lines,  will  in  general  oversee  the  work,  providing  himself  with 
such  assistants  as  he  may  consider  necessary,  which  will  be  dependent 
on  how  much  ground  you  ivant  to  open  at  one  time,  whether  or  not 
the  total  work  is  in  one  locality  or  scattered,  whether  the  season  is  early 
and  you  have  reasonable  time  ahead,  previous  to  cold  weather,  to 
lomplete  the  work,  and  whether  or  not  the  locations  of  the  lines  are  in 
streets  difficult  to  open  on  account  of  traffic,  and  your  engineer  will 
give  his  instructions  to  such  assistants,  and  these  instructions  will  be 
based  on  the  terms  and  conditions  of  the  plans,  specifications,  and  con- 
tract, and  he  will  deputize  them  and  vest  them  with  proper  authority  to  ■ 
represent  him  on  their  several  locations,  and  see  that  the  work  is  carried 
on  in  strict  accordance  with  the  lines,  grades  and  locations,  as  shown 
by  the  plans;  and  the  contractor  should  be  officially  notified  by  the 
engineer  that  such  assistants  will  take  charge  of  certain  sections,  and 
that  iheir  orders  are  to  be  followed  as  fully  as  if  they  were  given  by 
the  engineer  himself.  The  assistants  in  each  and  every  case  should 
not  only  perform  the  duties  as  heretofore  laid  down,  but  should  care- 
fully watch  the  progress  of  excavation,  and  in  case  of  obstructions 
being  encountered  should  use  their  best  efforts  to  overcome  them,  and 
if  possible  keep  the  route  as  originally  laid  down  intact;  as  for  instance, 
it  may  happen  that  service  pipes  of  some  corporation  may  interfere 
with  the  sinking  of  the  trench,  or  the  location  of  a  manhole,  and  if,  for 
instance,  it  be  a  water  or  gas  main,  and  it  becomes  necessarj-  to  offset 
the  original  line,  the  assistant  must  look  into  the  fea^bilily  of  such  a 
matter,  take  his  measurements  carefully,  and  find  out  whether  or  not 
there  is  the  requisite  space  without  fouling  another  service,  and  if  it  is 
a  case  where  the  trench  must  sink  deeper,  then  care  should  be  exer- 
cised on  the  matter  of  grades,  so  that  the  section  will  pitch  both  ways 
to  the  manholes  on  its  terminals,  and  thereby  <lrain  itself  to  the  sewer 
connection  which  is  in  the  manholes.     If  obstructions  appear  in  the 


Dtanbole  location,  and  are  not  far  below  (he  sinfaLC,  men  in  most  cases 
these  can  be  avoided  by  setting  the  manhole  frame  on  ooe  side,  or  per- 
haps on  one  comer  of  the  manhole,  and  if  the  pipes  occur  on  both 
sides  of  the  location,  roof  the  manhole  partially,  on  each  side,  and 
under  the  obstructions,  and  build  what  we  tenn  a  chinine\-  up  to  a  point 
of  proper  height,  and  between  the  pipes,  and  then  set  the  frames  on 
the  chimnei-. 

If  pipes  of  any  kind  appear  in  the  manhde  location  deep  enough 
to  interfere  with  worting  on  cables,  or  within  the  enclosure  occupied 
by  ducts  and  cables,  they  should  be  removed,  for  a  gas  or  water  main 
in  an  electric  senice  manhole  in  these  days  is  a  menace  to  life  and 
property.  I  am  aware,  by  actual  obsenation.  that  they  do  occur  in  a 
,  great  many  manholes  in  the  largest  cilies,  but  that  fact  does  not  war- 
rant such  practice  nor  lessen  the  danger.  It  should  be  the  duty  of 
the  assistant  engineer  to  at  once  lake  steps  to  rid  the  location  of  the 
pipe  or  pipes,  and  if,  after  flilii;cnce  and  patience  have  l>een  exercised 
in  that  direction,  it  has  been  found  to  Ije  impossible  lo  have  them  re- 
moved, then  the  locaticm  of  the  manhole  should  be  changed,  even  if 
the  duct  line  is  to  be  deviated  from  its  original  route  thereby,  and  in 
case  this  is  done  and  the  line  offset,  make  ^ure  ihai  the  cur\e  is  easy, 
and  that  no  reverse  cunes  apfiear.  It  will  be  well  to  remember  at 
this  point,  that  the  contractor  will  claim  extras  for  re-locaiing  man- 
holes, or  offset  lines,  but  it  is  the  busi^e^s  of  the  a^^istant  engineer  at 
that  time  lo  follow  the  specifications,  for  it  mui-t  be  remembered  that 
the  plans  of  the  line  have  been  laid  down  after  having  e.\hausted  all 
obtainable  means  of  information,  and  that  ihey  were  .submitted  in  good 
faith  lo  the  contractor,  also  that  specifications  have  been  written  which 
contain  an  obstruction  clause,  and  it  is  assumed  that  the  bidder  had 
read  ihem  before  he  sent  his  figures  to  the  company;  but  as  I  have  said 
previouslv  in  this  paper  with  reference  to  writing  specifications,  this 
is  one  of  the  occasions  when  the  engineer  for  the  company  should  be 
discreet,  and  consult  higher  authority  than  he  is  vesitd  with,  on  the 
question  of  an  extra,  if  in  his  own  mind  ^uch  a  thing  is  fairly  due  the 
contractor. 

Oni'  more  point  with  reference  lo  the  <luties  nl  the  assistant  engi- 
neer: ii  shoulii  lpf  hi-  nin-i  im|>cr^aive  rimy  lo  take  note>  as  his  sec- 
tion of  wiirk  progrcsse-.  in  siuh  vnlume.  and  with  such  accuracv'.  by 
actual  measuremeni.  i"  rri^iMf  him  to  ^ihsnlutdy  currect  the  original 
plans  a>  lai'l  dimn.  pniviilud  re- It  Hal  inns  have  lit-cn  made  to  avoid 
olislnjriirm-.  line-  c.iTsei.  or  if  anything  of  ihat  nature  ha>  occurred; 
and  it  i~  all  lo  the  advanut^e  of  the  cimpany  thai  this  matUT  i-  carried 


out  in  that  manner,  and  the  writer  understands  that  fact  from  actual 
ex])erience.  A  record  also  of  the  manholes  should  be  accurately  kept 
and  the  record  should  give  the  number  of  the  manhole,  the  street,  and 
the  street  number,  nearest  to  its  location,  and  this,  with  a  correction 
once  in  six  months,  in  case  the  names  of  streets  or  street  numbers 
Lhange,  will  suffice  for  a  record  that  will  become  invaluable  in  case  of 
lire  troubles  or  troubles  on  lines,  and  for  various  other  purposes. 

Additional  to  your  assistants  to  your  engineer  you  need  a  general 
foreman,  and  you  cannot  afford  lo  have  a  man  in  that  position  that  is 
not  acquainted  with  this  line  of  work.  Under  this  man,  for  every 
Ihirtyfive  men  you  have  on  the  trench  at  work,  you  will  need  a 
sub-foreman,  provided  the  streets  to  be  opened  are  in  a  city  of  much 
traffic. 

L'lKin  this  general  foreman  you  will  need  to  place  a  great  deal  of 
dependence,  for  he  is  (he  man  who  can  make  your  pay-roll  appear 
heavy  for  the  amount  of  work  performed,  if  he  has  not  had  ex- 
[>erience  in  this  line  of  work,  and  if  he  has  had  experience  and  has 
not  the  "steam"  in  his  makeup,  the  pay-roil  will  then  reflect  the  fault. 
He  must  instruct  his  sub-foreman  as  to  what  he  expects  to  do  in  a  day 
in  certain  kinds  of  ground,  and  furthermore  he  must  see  that  he  gets 
it.  He  must  not  run  behind  for  material,  but  order  it  in  time  to  keep 
the  work  moving,  and  when  his  excavated  material  appears  on  the 
street  in  too  great  quantity,  he  must  haie  his  teams  there  in  time  to 
get  it  away,  and  not  wait  until  the  city  officials  drop  in  on  him  or  your 
company,  with  an  ultimatum  with  reference  to  obstructing  the  street. 
He  must  be  able  to  watch  his  work  and  the  men  who  do  it  from  the 
beginning  of  the  day  until  its  end,  and  be  able  to  observe  the  laggards 
and  cut  them  out.  He  must  watch  the  weather,  and  not  let  a  rain- 
storm overtake  him  to  the  detriment  of  the  abuttors'  interests,  and 
especially  so  if  they  are  customers  or  prospective  customers;  he  must 
observe  the  rule  of  cities,  that  bridges  over  all  openings  necessarily 
cro.ssed  by  foot  passengers  must  be  maintained  at  all  times  during 
the  progress  of  the  work,  and  that  such  bridges  must  have  hand  rails. 
The  same  applies  for  openings  nearer  the  center  of  the  street,  where 
the  crossing  of  heavy  teams  and  tire  apparatus  is  concerned. 

He  must  see  that  necessary  barriers  are  in  place,  in  case  he  has 
been  gi\'en  permission  to  close  an  opening  to  a  street,  and  see  that  the 
total  openings  made  by  his  men  are  flaggeil  at  all  times  by  day,  and 
lighted  with  lanterns  from  sunset  to  sunrise. 


BASE  OF  ESTIMATES 
ILLCSTRATIOX: 

Hating  seen  what  you  need  in  the  nature  of  material  and  labor 
we  will  now  look  into  the  matter  of  how  much  you  need  ot  each  and 
it:  afiproziniate  crrit.  and  in  order  to  better  illustrate  we  will  assume 
that  we  wish  to  install  a  conduit  of  nfteen  duct^  cross  section,  with 
four  manholes  five  feet  square  inside,  pbin,  seven  feet  deep  under  the 
cover,  then  — 

Total  length  of  line.  1.500  feet. 

Xumber  of  manhole^.  4. 

Size  of  manholes.  5'  d'X  ;'  c'  ■  7'  o'X  S"  walls,  plain. 

Width  of  trench.  32!'. 

Depth  of  trench.  64!'. 

Depth  of  cover  plank  to  surface.  4?'. 

Paving  figured  at  an  averace  cu^l  of  all  granite  block  paving, 
including  four  ivTies,  averaire.  per  yard.  Si. 44. 

Cubic  feet  of  excavation,  per  linear  fool.  14. ^;g. 

Cubic  feet  concrete-,  per  linear  fool.  i-Oi- 

Length  of  line  less  manhole  fpace.  1.4S0  feel. 

Plate  \o.  I  will  show  a  manhole  diagram  in  both  plan  and  sec- 
lion,  and  Plate  No.  j  will  show  a  cross  section  of  the  lines. 

EXC.W.ATIOX  .\ND  B.ACKFILLIXG: 

C'tist  is  based  on  ihe  actual  measurements  of  the  cross-section 
drawing  of  the  conduit  for  dimensions,  and  §.0278  per  cubic  fool,  and 
thi.s  figure  is  tia.^ed  on  lalxjr  at  S1-5C  [>er  day  of  ten  hours  and  excavat- 
ing and  backlilline  two  cubic  yards  per  day  jjer  man.  and  therefore, 
as  the  trench  in  fjue^iinn  contain-  14.  jg  cubic  feet  per  linear  foot,  the 
co^t  jier  i'Mil  in  len'.'ih  fir  this  item  will  be  $.0260  [)er  duct  foot  or 
S.iijoo  |)er  conduit  foot.  • 

LUMBFk: 

(.'if~\  of  lumber,  nhii  h  ;-  ree'led  ncM.  U  base!  on  a  ;>riic  of  S15.00 
[>t-r  ihnu-and  lei-t  ;  im  h  in  ihiikne— .  fur  a  fair  ^r.ide  of  spruce.  The 
dimen-i'in-  are  i.ikt-n  [Dim  the  1  r^— -K-iiiiin  drawiiiL,'.  Then  the  cost 
■  if  the  lumbi-r  \>er  >()uare  fi-Ji  ■.vn-^lii  be  S,ci5  and  iMcniy  per  cent  has 
Ijcen  added  fnr  Jc-ji-  and  «j-te.  \\'e  nl-n  km™  by  fxpcrionce,  that 
one  man  in  uni-  ilav  <if  ler.  hi-ur-  at  a  O'-l  nf  S:!.oo  will  cut  and  place 
the  lumU-r  for  500  feet  r.f  ihrfi-d-jt  I  loniluit,  'ir  ai  a  co-i  oi  S.ooc6i 
fier  sijuari'  fixil.  iir  S.oocj  pi-r  Jul!  I'ljot ;  and  therefore,  on  that  basis,  the 


lumber  for  one  linear  foot  of  the  trench  in  question  would  cost  $.iS7Si 
and  labor  fur  cutting  and  placing  the  same  would  cost  $.0060.   ■ 

MIX  AND  PLACE  THE  CONCRETE: 

Cosl  of  concrete  is  based  on  actual  dimensions  shown  on  cross- 
section  drawing,  and  then  five  per  cent  is  added  to  our  estimate  for 
wa.^tccl  material  and  this  percentage  is  ample  for  the  purpose;  and 
now  to  illustrate  we  will  find  the  materia!  needed,  the  proportions  of 
each  we  need,  and  what  it  costs,  basing  the  cost  of  material  on  Rosen- 
dale  cement  at  $1.15  per  barrel,  crushed  stone  al  $.086  per  cubic  foot, 
sand  al  S.05  per  cul)ic  foot.  We  need,  however,  something  to  measure 
the  material  with,  th:it  is  convenient.  I  have  used  a  cement  barrel  on 
mo^l  work  for  that  purpose,  but  of  course,  if  you  wish,  you  can  have 
a  standard  receptacle  made  for  that  purpose.  If  you  trj'  the  experiment 
on  a  dozen  barrels  you  will  find  that  each  will  contain  very  near  3.5 
cubic  feet  of  dry  material,  and  in  this  section  of  the  country  the  tip 
carts,  so  called,  which  we  u.se  for  hauling  sand,  earth  and  stone,  will 
contain  35.1  cubic  feet,  or  about  r.3  cubic  yards.  Now,  with  these 
two  items,  we  have  a  means  of  measurement  which  laborers  can  under- 
stand and  use,  and  the  means  is  always  at  hand.  Then  if  we  decided 
to  use  the  barrel,  we  would  say  .13  of  a  yard  or  3.51  cubic  feet  of  dry 
material  is  what  it  will  contain,  and  our  concrete  is  to  be  a  five-part 
mixture,  and  if  the  laborers  were  mixing  they  would  simply  turn  down 
on  the  mixing  ground,  or  concrete  board,  two  barrels  of  sand,  and  over 
this  material  they  would  spread  two  barrels  of  crushed  stone,  and  last 
spread  one  barrel  of  cement  over  the  sand  and  stone,  and  then  settle 
the  material  together  dry,  and  then,  when  wet  and  thoroughly  mixed, 
they  would  have  what  is  called  on  the  work  a  batch  of  concrete;  but 
what  we  want  to  gel  at  is  the  cost  of  a  yard  of  concrete.  As  a  matter 
of  fact  we  know  by  actual  measurement  with  the  material  on  the  ground, 
thai  the  shrinkage  of  the  material  when  wet  is  thirty  per  cent;  in  other 
word.-;,  if  there  was  no  shrinkage  we  should  need  for  a  yard  of  concrete 
5.4  cubic  feet  of  cement,  10.8  cubic  feet  of  stone,  10.8  cubic  feet  of 
sand.  Now  we  know  that  the  -above  is  only  seventy  per  cent  of  the 
stock  needed  to  give  us  one  cubic  yard  of  finished  concrete  on  account 
of  the  shrinkage.  Therefore,  we  must  add  enough  of  the  dry  material 
to  make  up  ihe  remaining  thirty  per  cent. 

S-4 
Then    for  the  cement  we  shall  need  :     —  =  7.7  cubic  feet;  for 

10,8                  ..    ,                                 10.8 
ihesand, -=-15.4  cubic  feet;  for  the  stone, =  15.4,  or  a  total  38.5, 


cubic  Ceet  (rf  dry  nutcrial,  irfiich  fiivided  hy  3.5  cuIhc  fact,  wfaidi  u 
the  contents  oi  our  measuie,  pvea  us  eleven  baiids,  and  the  same  re- 
sub,  win  obbun  if  we  use  yards  instead  of  cubic  feel,  cv  use  the  band 
absolutdy,  as  f  dlows : 

We  know  the  measure  has  a  cubic  contents  of  .13  of  a  yard  when 
filled  with  dry  material,  and  as  it  shrinks  30  per  cent  vbta  wet  the 

1000 
contents  would  be  .13X.70— .091  of  a  cubic  yard:  then, —  11  is 

the  number  of  barrels  of  dry  stock  we  shall  require  to  obtain  a  yard  of 
concrete  ready  for  use;  then, 

II 

— —  a.3  barrels  Rosendalc~onepart  cement  at  $1.15 fc-S3 

IX 

— ^3.3X3— 4-4  barrels=  two  parts  stone  at  .086  cubic  ft 1.32 

— ~3.3X3«4.4barTel5=twopartssandat  S0.05  cubic  ft 77 

Total  s  parts %4.6a 

Add  five  per  cent  for  wasted  material 33 

Total  cost  stock  for  one  yard  concrete S4-S5 

or  eighteen  cents  per  cubic  foot. 

As  we  know  that  our  15-duct  conduit  will  require  1.93  cubic  feet 
per  conduit  foot,  then  1.93X18=0051  of  concrete  per  conduit  foot 
—9.3465  and  per  duct  foot  $.0331.  By  actual  test,  and  several  of 
them,  we  know  that  six  laborers  will  mix  the  stock  for  one  yard  of  con- 
crete in  twenty  minutes,  and  the  same  men  will  in  twenty  minutes  more 
place  the  concrete  in  the  trench,  and  wilh  labor  at  $1.50  per  day  of  ten 
hours  the  cost  would  amount  to  sixty  cents  for  placing  one  yard  tA 
concrete  in  the  trench  or  a  total  cost  of  $.0039  per  duct  foot,  and  the 
labor  to  mix  and  place  the  concrete  per  conduit  foot  would  cost  $.0435. 

MIX  AND  PLACE  THE  MORTAR: 

Cost  of  mortar  is  based  on  same  prices  for  cement  and  sand  as  in 
the  concrete,  and  since  .13  of  a  yard  is  the  contents  of  a  barrel,  we  shall 
need  eight  barrels  of  material  for  a  yard  of  mortar, 

8 

-  =3.66X2=5-34  sand=3partsat  S-05  cubic  foot 93 

ft 

—  =  3.66  l>arreis  cement=i  part  at  $1.15 ti-os 

^  

Total  cost  material,  3  parts ♦3-9*' 


I  have  found  by  experience  that  a  mason's  helper  at  $3.50  per  day 
of  ten  hours  will  mix  and  deliver  to  the  mason  in  the  trench,  or  the  duct 
layer,  one  yard  of  mortar,  and  that  one  yard  of  mortar  will  lay  1500 
feet  of  duct,  same  having  beveled  edges  and  a  length  of  iS',  and  an 
ample  provision  for  wasted  material  is  also  considered  in  the  amount 
of  mortar  stated  for  1,500  duct  feet. 

The  tost  of  mortar  per  duct  foot  would  be  $.0036  and  the  cost  of 
mortar  for  our  is-duct  line  would  be  per  conduit  foot  $.0390;  cost  of 
labor  to  mix  and  place  mortar  would  be  per  duct  foot  $.0016',  and  per 
conduit  foot  for  15-duct  line  would  be  $.0340. 

DUCTS  LAID: 

Cost  is  based  on  the  ducts  being  laid  beside  the  trench  at  $.0503 

per  duct  foot,  and  this  includes  teaming  from  the  cars  to  the  trench  at 

a  cost  of   $,75  per  ton.     (The  weight  of  an  18-inch  length  of  3-inch 

duct  is  13  pounds  or  neariy  9  pounds  per  foot.)     The  ducts,  then,  for 

our  15-duct  line  would  cost  15X  .0502=1.7530  per  conduit  foot;  cost 

of  labor  to  lay  ducts  is  based  on  mason's  labor  at  S4.00  per  day  of  ten 

hours,  and  a  helper  at  $2.00  per  day  of  ten  hours,  or  a  total  of  $6.00, 

and  these  two  men  will  lay  an  average  of  1,500  feet  or  1,000  lengths 

6.00 
per  day;  therefore,  the  cost  of  labor  per  duct  foot  will  be  — — ^  =  $.0040: 

and  the  cost  of  a  conduit  foot  in  our  1 5-duct  line  will  bet.oo4oXi5  = 

$.0600. 

PAVING: 

Cost  of  paving  is  based  on  actual  bids  submitted  by  Boston  con- 
tractors for  replacing  paving,  no  new  blocks  being  furnished  by  the 
contractor  to  make  up  any  deficiency  or  loss  by  breakage  of  blocks. 
The  price  which  I  ^all  designate  as  the  average  cost  of  paving  is  for 
stone  block  paving  only,  and  does  not  include  asphalt  nor  wood  pavii^. 
Our  bids  have  come  along  as  follows: 

Replacing  stone  blocks  on  6-inch  concrete  base,  pilch 

and  pebble  joints $2.00  per  yd. 

Replacing  stone  blocks  on  6- inch  concrete  base,  Portland 

cement  joints 1.85     "      " 

Replacing  slone  blocks  on  6-inch  concrete  base,  gravel 

joints    1.40    "      " 

Replacing  stone  blocks  on  gravel,  gravel  joints 50     "      " 

making  the  average  cost  approximately  $1.44  per  square  yard  for  this 


*'i(k  i\i  llir  Mirfit'c  in  of  iis|ih;ilt  the  cost  of  replacing  will  be  $3-50 
(KT  ifiiiiirc  jiiril  or  yi  icrils  ikt  fimi.)  For  the  cost  of  repaving  our 
Blri'cl  'ivcr  iHir  is  ilin  t  line,  wc  will  use  the  average  price  per  yard,  and 
W<-  kiiiiw  lliiil  1I1C  tii'l  »'iillh  t)f  iIk'  trench  is  32I  inches,  and  we  will  add 
III  llii'i  II  iiiuri^iii  iif  rj  iruhcs  mi  each  side,  thus  making  the  width  to 
r'lliriiiilc  frmii,  ^li  iriihrs  appn)\im;itelyi  and  if  we  multiply  this  figure 
liv  I J  iiM'l  iliviili-  l>y  i.|.|  we  shall  have  the  number  of  square  feet  of 
|iiiviii>.>,  ]>\'T  loiiiluit  fool,  on  the  i<;  duct  line,  which  is  4.7  feet.  Our 
piniiiK  iii-l'-  $i..i.|  jHTyanl  i)r  id  cents  juTstjuare  fool:  then  the  paWng 
pi'i  ihul  fiHil  windil  iiisl  $.0500,  and  ikt  ciimluit  fool  $.7500. 

IIAll.Alir:  fi|'   niKT; 

I'osl  is  Imscil  on  liid>  sulmiitiifl.  of  50  cents  \wr  double  team  load 
III  t>  I  tiiliic  fiTl  i>i'  $.014.'  per  culiic  ftHil,  and  this  fif;:ure  is  obtained 
iiu  ihf  IunI".  oI  .1  lUuiMc  ii]i  cui  rcnu'vini;  to  iho  most  convenient  dump 
HI  »(liev  poim  li'ii  li>,ul>  per  il.iy  i>[  ten  hours  (the  latnirers  fillinp:  the 
i^>H-V  at  .t  nM  of  $5 -v  jHT  d.iy  for  the  tt;im.  (In  our  ij-duct  line  we 
•Jt.ill  h.i\i'  Mirplu-'  e.iiili  whicii  nui>t  I'C  removeil.  and  at  such  times 
rtud  in  Mich  i|uauiilii'>  .i'-  »ill  prcient  criiicism  from  the  city  officials 
rtud  1i\>in  llio  .iluillor..  .1:1,1  ihinton-.  as  wo  know  i>ur  trench  is  ^2.1$ 
tnJu-v  vvi,li-  .iiivl  the  l.'i.il  .ici'tii  v'f  ihe  , or.-; rue  1:0:1  is  ;;.J5  inches. 

l!,,-!  t\:-.;AU  i.ie  an^'i::'!  ,-i  e.ir:n  .-r  n;'i-.;s*  we  must  re- 

i-.-S 

nv\«-  l.'i  o.«.!>  ^^•;^•■.:;;  l.v:  ,'•  ;b.<-  iiv.c  .v">:r.:,;tv:      Tr.is  in-.ou=i  will 

Iv  t  ^•  .;:'-:v  uvt,  A".;  :V  ov\>;  ixr  ,>,;,:  :.v:  «■.;;  :<■  S.;c4r  i=«i  i>er 

^V,        ■.  -     v.         ■        •.x^  -        -  V        -  :    -.     :    --Zi  -^^Z    ±x 

\  -.■.   •     -■-     ".■  ■.       V         ■-■■  ■  ■       .'■■--      "    -V    ;".  .  :<-'..LTL'i  J*tj^cs 


INCIDENTALS: 

Cost  of  incidentals  is  based  on  five  per  cent  of  the  total  cost,  in- 
cluding every  expense. 

MANHOLES: 

I  believe  we  agreed  that  we  would  ha,ve  4  manholes  in  tlie  line, 
and  that  the  dimensions  would  be  as  follows:  s'Xs'  area  inside,  7' 
deep,  8"  walls  without  shelves,  drained  to  the  nearest  sewer,  and  hav- 
inj;  on  each  manhole  a  heavy  frame  and  cover  of  the  "sewer  type." 
Sec  Plate  No.  r. 

Then  we  shall  need  for  material: 

3,}. 76  cubic  feet  concrete,  cost  in  jilace  $.202  per  foot S4.78 

2.500  hard  e^cwer  bricks,  cost  Sg. 00 per  M 22-50 

1  f  S.  0"  trap  and  connections  cost 5.65 

io  fcot  6"  Akron  sewer  pipe,  cost  30  cents  per  fool 9.00 

R.R.  steel  (60  lbs.  to  the  yard),  8  pieces  6' 4"  long  (1013  lbs.), 

cost  $.0125  per  lb 12.67 

1^  vards  mortar,  tost  per  yard  $3.98 4.47 

I  manhole  frame  and  cover, 962  lbs.,  cost  $.015  11) 14-43 


*73-50 

We  shall  need  labor  (hat  will  cost  as  follows: 
Excavate  and  back  fill  part  of  same,  including  that  for  sewer 

connections,  785  cubic  feel,  cost  $.0*78  per  foot S21.82 

Remove  from  street  304  cubic  feet  of  dirt,  cost  50  cents  double 

load  or  $.0142  per  foot 4.30 

Pave  11.08  yards  (including  manhole  and  sewer  connection), 

cost  $1.44  per  yard iS'95 

r  mason  10  hours,  cost  40  cents  per  hour 4.00 

a  mason  helpers  10  hours  each  =  20  hours,  cost  15  centsper  hour,       3.00 

$49-07 
Total  cost  1  manhole,  complete $122.57 

We  have  now  found  the  cost  of  the  line  per  conduit  foot  and  also 
the  cost  of  one  manhole,  and  we  may  now  summarize  and  show  in  tabu- 
lated form  what  ihe  cost  will  amount  lo  for  each  item  included  in  the 
line,  bolh  for  material  and  labor,  and  for  1  duct  foot,  i  conduit  foot, 
and  the  total  line,  and  we  will  make  the  table  conform  with  the  order 
in  which  we  have  taken  up  the  separate  items,  so  that  the  whole  will 
be  as  plain  as  possible,  and  at  the  same  time  complete,  and  when  the 

38 


table  i>  complete  the  "central  station  man  "  can,  it  seenls  to  me,  easily 
figure  the  cost  of  a  line  oiher  than  our  15-ducI  line,  the  cost  of  which 
we  have  tried  to  find;  but  as  a  matter  of  course  the  prices  of  material 
change  from  time  to  time,  and  that  must  certainly  be  considered,  and 
the  increased  or  decreased  cost  of  labor  if  necessarv. 


HATLRIAI,    AND    LABOR.  Duct  Foo«-         i,^|. 


Com  pn     Concto       ^J^ 
Duct  Foo«- 

Fool.         Tout 


EimBC.        Line. 

.\t  ale  rill  I. 
Lumber  at  $15.00  per  M.  or  ,015  cent*  per 

square  foot  B.  M 0105     .1575     333.10 

Concrete  at  $4.85  per  cubic  yard  or  18  cents  per 

cubic  foot    0231     .3465     514.15 

Monar  at  S^.gS  per  cubic  yard  or  (4  cents  per 

cubic    foot ooz6     .0390       $S.go 

Ducts  laid  down  bcsidt-  the  trench    at    8.0501 

per  duct  foot 0502     -7530  1114.44 

I.iihi  r. 
Excavate  and  backfill  at  [5  cents  per  hour  or 

S.0278    per  cubic   fool 0266     .3990     592x6 

Cut  and  place  lumber  al  70  cents  per  hour  or 

S.0006  per  sfjuare  foot  B.  JI 0004     .0060        9-32 

Mix  and  place  concrete  at  15  cents  per  hour  or 

$.0222    per  cubic   foot 0029     -043S       63.48 

Mi.\  and  place  mortar  at  25  cents  per  hour  or 

S.0925  per  cubic  foot 0016     .0240      37-oo 

Lay  the  ducts  at  60  cents  per  hour  or  S.0040 

per  duct  fool 0040     .0600      88.00 

Haul  away  the  dirt  al  50  cents  j>er  hour  or 

$,0142    per  cubic   foot 0047     .0705     104.73 

Pave  the  trench  al  ti.44  per  s<|uare  yard  or 

$.16  per  square  foot 0500    .7500  1109.92 

Cost  of  manholes  per  duct  foot 

Tola!  Co^t  of  Manhi)le>        490.28 
=  =--.,.     .0221     .3315'  490.28 

Tolal  Number  of  Duel  Feel      22,200 

Inspection  at  50  cents  per  hour  or  S.0033  per 

dull   foot    0033  .049s  73-»6 

Knginecrinj;  e.v[>en>cs  al  $.0214   per  duct  fool  .0214  .3210  47S-oS 

Incidental  e.^pense  at  5  [>er  cent  of  total 0116  .1740  248.33 

$.2350*3.5250  $5312.73 


Now  ihat  we  have  the  (able,  we  had  better  see  how  we  obtained 
the  figures,  (hat  is,  what  method  we  employed,  even  though  on  pre- 
rcdinR  pa^es  the  figures  themselves  appear.  The  total  line  is  1,500 
fie!  Ions  and  has  4  manholes,  and  the  duct  line  will  extend  to  the  in- 
side of  the  walls,  and  as  the  manholes  are  5  feet  square  inside,  it  follows 
that  1,500  less  4X5=1,480'  or  the  total  length  of  the  duct  line,  and  as 
die  cross  section  contains  15  duels,  the  total  duct  feet  when  the  hne  is 
oim|)k'te  will  be  22,200;  and  as  we  have  already  determined  the  cost 
per  duct  foot  and  per  conduit  foot,  we  have  only  to  bear  in  mind  that 
ilie  totiil  amount  of  duct  feel  in  the  line  are  the  figures  to  multiply  by, 
inslea<l  of  any  other,  and  is  the  proper  method  by  which  to  arrive  at 
ihc  lolal  cost  of  the  duct  line;  and  the  total  cost  of  the  manholes  should 
l)c  divided  liv  the  total  duct  feet,  in  order  to  arrive  at  the  proper  cost 
nf  manholes  per  duct  foot  of  line,  and  which,  when  added  to  the  cost 
|ier  duct  foot  of  the  duct  line,  gives  a  lolal  cost  per  duct  fool  for  the 
toiid  line.  .\  deviation  from  this  method  is  liable  to  lead  one  astray, 
a-  small  fractions  will  make  a  ver\-  considerable  difference  when  a  large 
number  of  duct  feet  are  lo  be  used.  We  now  have  a  tabulated  form 
and  have  shown  how  we  arrive  at  these  conclusions,  and  we  know  the 
cost  of  our  duct  line  alone,  per  durt  foot,  its  cost  with  the  cost  of  man- 
holes per  duct  foot  added,  the  total  cost  per  conduit  or  total  trench 
foot  which  includes  the  manholes,  also  the  total  cost  of  each  item  for 
(he  total  line,  and  in  fact  ever}'thing  needed  in  the  nature  of  an  itemized 
estimate,  and  with  the  data  on  the  preceding  pages  it  is  perfectly  easy 
lo  tell  how  much  material  of  each  kind  you  need,  and  even  how  much 
nionej-  you  need  for  your  pay-rolls. 

Of  course  the  table  is  not  correct  for  all  types  of  duct,  paving,  or 
manholes,  of  a  different  type  or  size,  than  those  given  herein,  but  you 
now  have  the  method  at  hand  showing  how  the  cost  of  the  line,  or  a 
line,  can  be  obtained,  and  also  the  sketches  which  will  indicate  the 
re;isons  for  basing  the  figures  as  shown. 

We  have  gotten  at  the  estimated  cost  and  now  we  will  take  up 
llic  methods  of  starting  and  carrying  forward  to  completion  the  total 
line. 

We  can  assume  that  the  engineer  and  contractor  are  on  the  ground, 
and  that  the  former  has  the  requisite  permits  at  hand  to  enable  him 
to  open  on  the  first  part  of  the  line,  and  that  you  intend  to  make  a  start 
hy  opening  about  300  feet  or  twenty  per  cent  of  the  total  length,  and 
we  will  also  assume  that  as  you  intend  to  finish  100  feel  per  day,  or 
more,  until  the  work  is  complete;  you  therefore  can  afford  to  have  fifty 
men  ready  to  go  to  work  on  the  start,  and  your  first  move  will  be  to 


measure  oft  from  lh«  curb  or  oiher  mark,  and  nJlh  a  [hcoc  of  chalk  or 
It  line  indicate  thr  Hietancc  from  ihc  curb,  and  the  next,  ihe  wtdih  of 
[lavin);  to  be  removed,  and  a.%  soon  :i-t  this  i%  done  huvc  the  men  begin 
In  hnr  out  the  pavinx,  »nd  35  snon  ss  you  have  a  space  shuwinjc  dirt 
only,  for  a  distance  of  a$  feet,  gel  some  of  the  men  tn  the  opening  with 
the  |Mtk.t  iitid  let  them  work  ;thead.  As  more  blocks  air  rcmovnj, 
and  where  the  men  have  used  the  picks,  gel  in  some  uthcr>  with  <JioveU 
and  have  die  line  fulluned  tn  ihi.H  nunmer  until  the  bUnk^  are  out  for 
the  total  300  Ini,  dnd  then  put  .ill  of  Hiem  on  the  picks  aiid  tihoveb, 
extvpi  wb,it  vou  need  lo  ojjcn  on  (he  first  manliole  location,  for  this 
part  of  the  eJiiJiviitiim  ^houkl  he  eumpletcd  as  WKin  as  the  irenth.  We 
can  asisume  that  in  due  season  ihc  trench  and  manhole  cxravBlion& 
htivv  been  holturaed  out,  and  in  the  meatitinie  your  materiid  ha«  arrived 
and  side  1>oanU  have  bocn  cut  an<l  clcalcd,  one  or  Ivro  bridges  inMnllc<) 
over  the  tr«ith,  loncretc  has  liecn  mixe^l  and  is  ready  to  ko  In;  mi  the 
first  side  boanis  are  M:t,  iin<l  then  Hie  concrete  can  begin  logo  in  for 
(lie  bottom,  and  as  soon  as  the  lir»l  35  feet  of  concrete  is  in  and  rammed, 
the  duct  hiyinf;  run  lieicin.  »•<  ilose  to  (he  manhole  location  a*  |x>stable, 
and  the  <lucl  layer  muM  not  forget  to  Mart  hi>  mandrels  a»  soon  as  suffi- 
cient du<'t  is  bid  to  take  them,  and  continue  to  draw  ihem  as  the  line 
longtbeus  and  keep  the  durts  clear. 

Now  you  have  the  inriich  fully  under  way  and  you  fintl  that  tbr 
sewer  trap  is  set  and  the  conoetc  is  going  in  for  the  base  of  the  man- 
hole, and  llial  die  mason'»  helpers  have  rui  the  maierial  at  hand  |o 
start  brick  work;  and  now  all  of  the  work  i»  i^liirtrd.nnd  by  the  next  day. 
or  twenty-four  hours  later,  you  find  that  a  sj-stem  of  workinx  the  men 
has  been  cstahlishcd,  your  duct  is  Iwing  laid,  the  side  and  lop  concrete 
goes  in,  the  top  planking  is  laid  on,  ancl  you  Ix^gin  lo  back-fill  Uic  irench 
with  the  best  of  (he  m,i1eriA]  tlmi  c^ame  out :  then  you  are  rrady  In  replace 
the  paving  and  clean  up  a*  muih  as  you  (an  where  the  work  is  com- 
plied, and  now  you  want  to  go  ahead  (aMer.  IJy  fa»lrr,  I  mean  that 
having  started  with  a  few  men.  and  having  got  (hem  broken  in  to  lo 
speak,  you  must  arrange  to  practically  dupUcatc  your  force  and  com- 
plete at  lca»l  3,000  duct  feet  (aoo  ciMwJuit  feet)  or  more  of  this  size  of 
line  per  day;  for  with  the  conditions  favorable  and  work  properly  super- 
intende<l,  it  should  not  retiuire  more  than  nine  days  a(  (lie  ouisitle  lo 
complete  our  is-duct  line,  1,500  feet  long,  wiih  4  manholes,  Of  course, 
if  you  arc  in  a  district  m  which  you  will  encounter  tide-waicr,  or  if  you 
have  dilTicult  obstructions  to  o»-crcomc,  such  as  water  or  gas  maint.  or 
any  other  ter\-ic«,  and  if  you  have  (o  build  water-proof  manholes,  or 
Epend  a  great  deal  of  time  in  |[ettlng  such  wrricea  as  spoken  of  t«- 


miivcii.  tlii'ii  the  time  required  will  be  greater,  as  will  the  expense,  and 
iiiidcr  sut'l)  conditions  as  above  there  is  a  good  opportunity  for  your 
!,'<.'iier;il  fortman  to  exercise  his  skill  in  finding  work  for  his  men,  of  a 
)>rotil:iLile  nature,  on  other  jiarts  of  the  line,  and  to  show  his  judgment 
in  hiyinn  thtm  off,  if  necessarj-,  until  such  arrangements  are  completed 
a^  will  admit  of  procedure  on  the  line  at  a  rate  of  speed  that  will  warrant 
ihi.-  hjiuro  that  will  show  on  the  coming  pay-roll. 

I  think.  |)erhaps,  thai  the  "central  station  man"  can  now  sec  fairly 
plain  what  is  required  to  build  his  line,  from  (he  first  step  necessar>' 
ili'wti  to  llie  time  when  he  is  well  under  way  with  the  installation  of 
the  .^aniL',  and  we  can  assume  also  that  he  can  finish  it  without  diffi- 
(iili\  ;  hill  \vf  have  talked  of  a  phiin  and  simple  line,  for  that  is  the 
e^i-ioi  tn  illustrate,  and  shows  what  you  must  do  in  order  to  complete 
(111-  installation  nf  anv  line  of  a  Hke  nature. 

I  re[ili/;e,  however,  by  experience,  that  at  times  we  must  build  lines 
under  liridj;es,  perhaps  over  or  through  ihem,  and  under,  over  or 
through  all  sorts  of  obstructions,  and  constructions,  some  of  which  may 
be  inir  own,  but  if  they  are  visible  on  plans  before  we  open  ground,  and 
|)mper  thought  is. given  such  mutter,  they  are  not  difficult  as  a  rule, 
and  if  we  meet  them  after  opening  ground  we  must  think  the  matter 
out  as  soon  as  possible,  always  keeping  in  mind  that  if  it  is  required 
to  obtain  j>ermission  to  cross  in  any  way  another  corporation's  property, 
a  start  should  be  made  at  once  in  (hat  direction,  and  not  find,  when  your 
plaii-s  are  nearing  completion  for  any  special  work,  that  such  permission 
is  impossible  to  obtain  and  that  the  time  of  several  men  has  been  wasted. 
In  fact,  the  principal  part  of  the  proper  method  of  handling  under- 
(.Tound  work  lies  in  the  ability  oi  those  in  charges!  it  to  look  ahead  and 
be  ready  to  let  the  working  force,  which  they  know  are  coming  behind 
them,  into  the  location  without  delay;  and  unless  this  condition  obtains 
the  work  will  be  expensive. 

When  the  "central  station  man"  has  completed  his  conduit,  the 
next  item  he  needs  will  be  cables,  and  as  we  speak  of  them  you  will  re- 
call thai  in  preceding  pages  I  said  that  "it  was  the  imperative  duty 
for  the  assistant  engineer  to  make  notes  on  the  conduit  line,  with  such 
uciurac}'  and  in  such  volume  as  to  absolutely  correct  the  original 
plans,"  and  if  this  has  been  done  you  can  easily  find  out  how  much 
cable  you  need,  from  the  measurements  he  has  furnished,  as  the  plan 
fiireachseclionof  the  line  should  plainly  state  the  length  of  cable  needed 
in  that  section  and  have  included  in  the  figure  twelve  inches  square  on 


each  end  o(  the  length  so  that  Ihe  cable  jointer  u-ill  be  able  in  Itis  wnck 
to  cut  back  »ny  dislttnce  within  that  limit  unci  cut  the  cable  iil  a  (mtnl 
where  there  is  no  dainpiiMs  (which  may  i>r  may  not  have  accniet)  on 
the  extreme  ends  of  the  lenglli)  and  where  Ihe  form  of  the  •heath,  in- 
Eulalion  and  core  of  the  cable  ih  perfect. 

If  you  hftve  a  low-tenaon  di»iribulion  system,  vmi  uill  u**-  ]a.t- 
haps  cables  from  3,000.000  cir  mils  toncentric  and  i.ooo.ooo  cir.  mib 
nnglc  foiwfuctor.  dtmn  to  500.000  cir.  mils  xinglc  ctmflwctor  for  feeders, 
and  from  500,000  cir,  mils  down  lo  300,000  cir.  mils  for  mains.  If  A.  C. 
\s  in  UKe  pnibitlily  tou  will  use  n  great  deal  nf  rabic  >\'hich  ha^  more 
than  one  conductor  under  the  same  sheath  and,  of  courst,  the  saving 
of  duel  room  in  added  to  the  other  adtaninges  when  >'uu  ran  u^  MM'h 
a  cable,  whether  il  be  in  the  A.  C.  or  I>.  C,  system.  The  insulation 
for  the  feeders  and  trunk  lines  will  probably  be  paper,  as  it  is  best 
adapted  for  an  overload  of  amperes,  and  its  insulation  In  Ihe  |rround 
shows  a  verj-  high  resistance  if  it  Ls  well  jointed.  Do  not,  however,  in- 
sist on  having  a  pa  per- insula  ted  oililc  test  too  high.  I  have  lexmed 
from  more  than  one  reputable  manufacturer  of  cable  that  they  couhl 
^ve  you  llii$  tyi>e  of  insulation  itn  a  catile  lo  test  i,ooq  meipthnt.'.  tn  the 
mile,  when  in  their  judgment  500  megohms  to  the  mile  was  much  belter, 
«»  Ihe  rcsiitaiiee  of  the  in.iulatioii  was  dependent,  if  the  Mime  cnNe  was 
considered  in  each  case,  on  the  amounl  of  drying  out  by  heat  ihal  the 
inKretlicnIs  used  in  the  insulation  receive<l,  and  that  the  drying  «>ui 
process  reduced  the  llexibilily  of  the  insulation  and  mnde  it  more  liable 
to  crack  when  being  lient  into  place;  and  we  know  by  experience  that 
a  cable  with  the  juiiht  insublinn  cr;ickei|  or  )>roken  will  be  uwd  in  »er- 
vice  but  a  short  lime,  on  cither  a  high  or  low  tension  line.  The  tiellcr 
way  IK  1»  ileterniinc  whal  cables  ynu  need  in  M>riK  and  .-.izeK,  and  »]>ecify 
the  quantity  of  each,  and  submit  the  list  lo  several  rcpulable  concenii, 
with  your  rei]u<»t  for  a  price  and  guaraiilue  from  lh«n.  nn  each  lypc 
of  cable,  to  cover  s  leim  of  years,  say  five,  being  careful  lo  state  in 
your  spediication  what  tlie  cable  is  to  be  used  for,  w)ieiher  A.  C-  or 
D.  C.  work,  the  >-oltage  lo  be  used  on  Ihe  line  and  the  am|)ere  currying 
ea]iacily  required,  and  tlien  let  Ihe  manufacturer  furnish  such  i^les, 
with  an  insulation  resistance  (to  be  specified  by  himi  to  the  ground, 
that  he  thinks  will  stand  with  the  specified  voltage,  and  still  maintain 
his  guarantee  ^ven  you  in  the  contract. 


INSTALLATION  OF  CABLES: 

I  wouM  much  rather  see  the  concern  which  funushes  cables  for 
new  work  inxiall  them,  and  for  the  reuon,  first,  there  is  a  guarantee  na 


ihc  yoodd,  and  if,  wlien  the  dealer  installs  (hem,  after  the  total  line  or 
lines  are  drawn  and  jointed,  they  do  not  test  out  properly,  the  burden 
of  making  them  right  falls  on  the  vendor  without  question. 

I  wuuld  first  tell  him  in  specification  that  he  must  rod  the  ducts, 
at  the  same  time  informing  him  that  the  company  had  drawn  man- 
ilicls  throufih  every  duel  as  it  was  laid,  and  that  they  were  clear  to  the 
hfst  of  your  knowledge;  but  notwithstanding  that  fact,  if  he  did  not 
thI  them  and  then  encountered  difficulty,  such  as  having  cable  sheaths 
lut  in  process  of  drawing,  that  he  would  be  responsible  for  any  ck- 
|)ense  incurred  thereb)'.  When  the  ducts  were  known  to  be  clear,  au<i 
ihe  drawing-in  done  to  an  extent  that  jointing  could  begin,  it  would 
n<jt  be  necessary  to  sav  to  the  cable  contractor,  you  must  not  joint 
cable  ill  wet  weather,  or  you  must  not  delay  jointing  in  dry  weather, 
for  the  conditions  of  the  contract,  with  reference  to  the  guarantee, 
would  not  consistently  admit  of  progress  in  one  case  nor  delay  in  the 
olher,  when  by  the  contract  we  know  that  he  is  lo  rod  the  ducts,  draw 
ill  and  joint  the  cables  at  a  slated  price  per  foot,  and  the  sooner  he  can 
fjet  the  work  done,  and  well  done,  the  better  off  financially  his  com- 
l)any  will  be. 

If  the  manholes  are  shelved  to  receive  the  cables,  as  shown  in 
Plate  No.  J,  the  cable  contractor  should  be  required  to  form  all  of  the 
lines  into  their  respective  shelves  in  a  neat  and  workmanlike  manner, 
taking  .Hjwcial  care  that  joints  are  so  located  in  different  lines  that  when 
shelved  they  will  not  lie  directly  one  over  the  other,  and  also  he  should 
lie  careful  that  joints  are  so  placed,  it  possible,  as  to  avoid  being  tro<l 
on  by  workmen  —  careless  workmen  is  the  proper  phrase  —  when 
(limbing  about  a  manhole  for  any  purpose.  If  the  manhole  is  plain 
(without  shelves),  then  the  cables  should  be  racked  in  a  neat  manner 
as  shown  in  Plate  No.  4,  Figure  4;  and  if  a  transformer  is  in  a  manhole 
(see  Plate  No.  5),  or  a  catch  box  (see  Plate  No.  4,  Figure  No.  2),  great 
care  should  be  taken  with  the  bending  of  the  cables  to  meet  these  ter- 
minals, so  that  the  radii  of  the  bends  will  not  be  too  great,  and  yet  be 
as  great  as  possible,  and  not  interfere  with  future  installations  of  cables, 
[  ransformers  or  boxes, 

KLKCTROLYSIS: 

If  your  installation  is  in  the  ground  near  a  street  railway  system, 
where  the  rails  are  bonded,  and  the  return  conductor  is  not  fairly  pro- 
portioned on  account  of  a  probable  cost  of  copper  to  make  it  of  proper 
proportions,  and  more  especially  if  the  ground  is  wet  and  what  is  usually 
termed  "  made  land,"  then  the  lead  sheaths  on  your  cables  will  he  liable 


I'j  '.s-rr:  -tray  current:  and.  if  the}'  do.  damage  wQl  occur  iuuner  or  laier, 
which  -A-ill  result  in  the  dra«4ng  oul  ol  a  faulty  cable  otid  ibe  repladng 
'if  -amt  -.vith  a  ne«'  one  of  lite  size  and  length.  There  does  iwc  scon 
In  Ije  annhing  left  lo  do  in  such  matter;  as  ihb  eicept  to  protect  your- 
■*!i  at  3  co-t  which,  in  the  end.  will  be  far  lei?  than  the  cosl  of  rej^dng 
Icn^nh-  of  [laper  cable  who-e  :?heaihs  ha\e  been  eaten  through  by  the 
cle'.troli'lic  acticdi,  for  $uch  action  will  take  place  when  the  current 
leave?  the  sheath  to  the  ^ound.  and  ii  >ou  know  this  in  time,  as  per- 
hajfJ-  by  actual  e\[)criente  )ou  do.  you  should  ^  on  the  new  insialla- 
lion  —  decide  to  circulate  through  your  duct  system  in  the  railway 
di:;trict  a  ^>are  copper  wire  of.  perha[)s,  200.000  circular  mils  cross  sec- 
ti'in.  and  have  one  enrl  of  it  aiiaihed  10  ihe  return  conduaorof  the  tail' 
•.\-i\  ft\--tem,  at  a  [loini  as  near  the  r;iilway  power  house  as  it  is  practical 
to  aet  it, and  with  asgriofl  elc-ctrical  connection  as  is  possible  to  have;  and 
from  eai.h  -heath  in  each  manhrik  cunncct  a  small  bare  copjjer  wire,  sav 
Xo.  23,  by  making  several  HTa|)>  arounrl  the  sheath,  and  attach  the 
other  end  lo  the  cop|ier  eondutior  lir.-i  mentioned,  beinc  careful  to 
make  the  Ijest  electrical  connL-tiion  jjo^jible  Ijetween  the  sheath  and 
the  lar'^e  copper.  The  re-ull  will  l)e  thai  the  sheaths  will  discharge 
their  i-urrents  to  the  large  copjxr.  which  wilt  in  turn  discharge  its  cur- 
r'_-ni  inl'i  the  return  conductor  of  the  railway'  system  and  electrolj-tic 
atlion  on  the  lead  sheaths  will  !«  avoided. 

In  caac  you  intend  to  use  cable  mains  on  your  underground  system, 
the  handhole:!  for  distribution  from  same  can  occur  in  any  part  of  the 
dud  line  where  neeiJed  and  space  i-  a\ailal>le.  The  handholes  are 
built  o^er  the  line,  and  so  that  the  top  row  of  ducts  will  enter  either 
side  of  it  (see  Plate  No.  4,  Figure  No.  3),  and  inside  of  the  handhole 
.here  is  placed  on  steel  sup|K>rts,  made  of  light  sleel  tee  irorf,  what  is 
termini  ^  ijio^,  or  rj.-rvice  Iw.x,  which  is  made  in  either  a  two  or  a  three 
wire  type  or  form  as  ref[uired,  and  from  the  catch  bo\  in  the  manhole 
I'-ce  Plate  No.  4,  Figure  No.  i ).  the  main  cables  leave  and  are  extended 
ihriiugh  the  top  layer  i>f  clucin  10  the  handhole.  They  are  then  picked 
up,  and  extended  through  the  terminals  of  the  service  bos,  which  has  a 
w,[tiT-tii;ht  stuffing  box  for  each  cable  in  the  main,  and  cut  at  the  proper 
Icri'.'ili  to  lake  a  lug.  which  i.-.  when  soldered  on  the  cable,  bent  down 
and  connected  In  the  bar  terminals  in  ihc  box.  This  is  a  verv  conven- 
ient wav  of  installing  mains  and  service-;  (here  are  methods  less  cv- 
|)en-ive  but  not  belter,  for  here  you  have  a  water  and  gas  light  box,  a 
fir>t-class  ()|iporl unity  lo  extend  sc-rvices  10  cither  side  of  the  street, 
anil,  above  all,  ilie  be>l  of  methods  by  which  in  time  of  line  trouble  lo 
test  from  house  In  house,  and  from  manhole  to  manhole,  without  re- 


jointing  any  cable  or  keeping  any  customers  out  of  service  but  a  very 
short  lime.  The  same  thing  can  be  done  from  the  manhole  itself,  but 
if  the  (li&lances  between  manholes  are  long  and  your  services  are  heavy, 
and  require  separate  service  wires  or  cables  for  each  building,  your 
manholes  will  become  crowded  and  the  chances  of  encountering  ob- 
siruciions  ill  installing  services  are  greater.  In  either  case  the  sen'ice 
wires  would  lead  from  manhole  or  handhole,  through  a  3*  iron  pipe  to- 
ihe  cu^itomer's  premises,  and  terminate  on  a  service  switch.  Plate  No. 
5  .shows  pipes  of  this  description,  one  going  to  a  street  lamp,  and  show- 
ing a  connection  from  pole  line  to  manhole. 

CARE  OF  CABLES: 

Caliles  once  installed  should  be  looked  after  carefully,  and  it  should 
not  he  a><umed  that  a  manhole  does  not  need  inspection,  or  cleaning. 
On  the  other  hand  ihey  should  be  inspected  regularly,  and  kept  dean. 
The  sewer  connection  should  be  known  to  be  open  to  the  sewer,  and 
not  be  liable  to  flood,  and  the  cables  should  be  tagged  in  ever>'  manhole, 
and  in  case  concentric,  or  other  cables  of  more  than  one  conductor, 
burning  out,  a  provision  should  be  made  to  protect  other  cables  near  by 
from  having  their  respective  sheaths  burned  by  wrapping  them  with 
asheslos  ribbon,  and  the'Teby  avoid  trouble  on  several  lines  at  one  time. 
Care  ,-^hould  be  taken,  also,  to  caution  employees  about  treading  on 
cables  and  cable  joints  at  all  times,  and  especially  in  manholes,  where 
usually  the  conditions  are  of  the  best  to  destroy  cable,  if  the  slightest 
opening  occurs  in  the  sheath.  If  the  cover  of  a  manhole  is  a  perforated 
one,  and  such  1  would  prefer,  unless  the  manhole  contains  transform- 
ers, it  should  he  looked  after  as  regularly  as  the  manhole  is  inspected 
and  let  the  duct  system  get  all  the  ventilation  it  can  from  that  source; 
and  if  the  manhole  is  built  for,  and  is  required  to  be  water-tight,  then 
the  coier  and  joint  should  be  regularly  inspected  and  kept  tight,  and 
sa\e  the  apparatus  therein  from  receiving  water,  after  an  exf>ensive 
manhole  has  been  built  to  prevent  that  identical  occurrence. 

MANHOLE  BOXES: 

Like  bo.\es  for  mains,  the  feedeis  in  the  system  may  terminate  in 
some  suitable  receptable,  placed  in  a  convenient  position  in  the  manhole, 
and  being  capable  of  being  made  water- light,  (these,  of  course,  are  appH- 
cable  lo  D.  C.  lines  only,)  and  may  have  fuses  and  bus-bars  either 
straight  or  circular. 

There  are  types  which  fit  to  the  wall  of  the  manhole  which  are  of 
large  capacity,  convenient  to  operate  and  water-light.     There  arc  other 


types  which  may  be  hung  from  the  roof  of  the  manhole,  and  operated 
from  the  surface  of  the  street.  In  winter  weather,  the  box  in  the  man- 
hole is  in  a  belter  place  to  operate  than  the  one  which  opens  at  the  sur- 
face, and,  all  matters  considered,  1  had  rather  have  the  bo\  in  the 
former  location;  and,  as  a  matter  of  fact,  I  am  of  the  opinion  that  it  is 
the  safest  location,  if  well  installed  and  cared  for. 

I  do  not  lose  sight  of  the  fact,  however,  that  there  are  many  in- 
stances where,  in  manholes,  (here  is  not  room  for  a  box,  and  in  such 
cases  one  must  use  that  which  is  available. 

FROM  OVERHEAD  TO  UNDERGROUND: 

Plate  No.  5  shows  what  the  "central  station  man"  can  dn  when 
his  conduit  line  is  complete,  his  bo.\es  in.italled,  or  transformers  if  may 
be,  and  his  cables  drawn  in  and  connected  to  their  terminals;  whether 
it  is  for  one  block  along  the  line,  or  more,  both  in  ihe  case  of  his  series 
arc  lamps  in  the  street,  and  his  overhead  low-tension  mains  or  his 
primary  and  secondare'  lines.  I  believe  the  items  are  shown  fairly  com- 
plete so  far  as  the  construction  needed  applies,  and  with  the  lines  open 
at  the  station  end,  and  fuses  off  in  the  Ixixes  in  the  manhole,  it  would 
not  be  difficult  to  make  the  transfer,  and  when  the  section  over  head, 
as  shown,  has  l>een  connected  to  the  new  section  of  underground,  the 
work  of  removing  wires  and  poles  could  befjiii  and  be  carried  on  from 
lime  to  lime  as  new  sections  of  underground  were  installed  and  con- 
ditions would  permit.  1  have  in  this  type  of  underground  system  in- 
cluded necessar>-  construction  for  transferring  present  overhead  lines 
to  underground,  involving  only  >uch  capacities  as  were  contained  in 
the  overhead  lines,  the  only  other  stipulation  being  ihat.  in  building 
your  conduit  line,  don't  fail  to  determine  what  you  need  for  future 
development  as  far  forth  as  possiljle.  and  if  the  city  or  town  is  a  large 
one,  or  a  small  but  growing  one,  don"t  guess  on  the  minimum  side  for 
the  size  of  the  conduit,  and  have  to  t>pen  the  same  street  or  streets  twice, 
pay  a  contractor  to  get  his  outfit  there  and  away  twice,  and  pay  for  the 
paving  more  than  once.  If  you  don't  fail  on  these  points,  the  abutters 
and  your  customers  will  congniiulale  you  on  your  foresight,  especially 
if  thcv  are  stockholders,  anil  vou  will  congratulate  vourself  on  the 
second  line  vou  build  (and  think  it  t(K)  kirye)  when  in  an  incrcdiblv 
short  space  of  lime  you  find  your  liucis  are  tilled;  and  besides  there  are 
concerns  who  have  in  hire  duct  space  in  these  davs.  and  from  prices 
paid,  some  of  which  I  have  in  min<l,  I  can  casilv  see  where  the  invest- 
ment would  he  a  profilalile  one  for  the  "central  station  man"  who  had 
duct  space  to  rem.     Therefore,  consider  the  matter  well,  before  you 


decide  thai  you  cannot  afford  to  build  an  i8-duct  line,  instead  of  a  ij, 
while  you  have  the  ground  open.  Lav  out  the  cross  section  of  an  i8- 
(iuct  hne  and  figure  it;  your  manholes  will  not  cost  you  any  more,  your 
,ti)tk  and  labor  will  be  in  a  very  large  degree  less  than  it  would  cost 
to  o[>en  the  same  ground  again,,  and  if  your  present  15-duct  hne  is  lo 
hiive  ils  capacity  taken,  or  nearly  so,  and  a  new  enterprise  of  some  sort 
tomes  into  existence,  which  you  had  not  the  remotest  idea  would  ever 
exist,  and  the  concern  expresses  a  wish  lo  become  your  custttmer  in 
the  near  future  or  niit  ul  all,  then,  as  you  have  duct  space,  you  are  ready 
[or  a  heavv  customer,  except  perhaps  for  cable,  and  thai  can  be  obtained 
from  slmk  if  it  is  not  in  loo  hirge  size,  and  you  are  then  in  a  position 
to  lake  on  (he  new  customer  while  perhaps  the  competing  company  or 
companies  in  your  town,  in  your  line,  who  have  been  more  cautious  in 
Ihe  matter  of  conduit  installation,  will  be  unable  to  accommodate 
Jinisjfectivc  business, 

I  have  covered  the  conduit  system  in  a  manner  which  I  hope  will 
enable  the  "central  station  man"  to  see  his  way  dear  to  put  his  con- 
ductors into  that  type  of  system,  and  without  difficulty.  There  is, 
however,  another  type  of  underground  system  which  is  the  well-known 
Kdison  Tube  System,  and  under  certain  conditions,  such  as  those  where 
lines  which  are  not  too  long  are  required,  and  where  the  load  for  the 
line  will  be  fairly  heavy,  in  amperes,  and  the  volts  needed  do  not  as  a 
rule  exceed  300,  it  is  a  goo<l  system  to  use.  It  will  compare  favorably 
as  to  cost  with  the  conduit  svslem  for  short  distances;  but  while  the 
cost  of  installation  under  these  conditions  may  be  favorable,  the  cost 
of  operation  fa^'ors  the  conduit  system  to  a  large  degree. 

If  the  "central  station  man"  should  wish  to  use  the  Edison  Tube 
Underground  System,  it  would  lie  necessary  for  him  to  follow  in  gen- 
eral the  same  method  of  procedure  with  reference  lo  sur\ey,  right  of 
wiiy,  and  placing  of  contract,  also  with' reference  to  the  bonds  for  faith- 
ful performance  of  work,  accidents,  and  the  maintenance  of  street  sur- 
faces for  a  period  of  time  conforming  with  the  requirements  of  the  city 
in  which  the  system  is  to  be  installed;  and  when  these  conditions  have 
tieen  met,  and  properly  taken  care  of,  the  work  may  proceed. 

If  the  city  is  one  of  medium  size,  and  the  business  portion  especially 
is  not  scattered,  we  tan  assume  that  the  location  of  the  feeder  terminab 
has  been  fi.xed  at  such  points  as  have  in  the  sur\'ey  indicated  the 
lieaviest  loads.  If  the  station  is  to  l>e  near  the  waterfront,  and  the 
distance  is  not  made  greater  by  reason  of  such  location,  we  can  u.se  one 
street  only  for  some  distance,  to  carry  along,  say,  ten  feeders;  or,  in 
other  words,  ten  Edison  tubes,  having  in  each  three  coppers.     Two 


jf  these  .IK  umkI  for  the  |>oxitivt:  nud  ncguiivc,  each  having  a  diunclcr 
of  one  inch,  and  (he  Uiird  wire  U  used  for  the  neutral  nnd  has  a  diamrier 
of  -jq  of  one  inih,  and  ihc  three  cwpiwrs  taken  logclher  with  the  pres- 
§un'  wires  represent  one  No.  i,ooo  feeder  of  an  Edi.-xiit  Uirccw ire 
iystcm. 

We  want  (o  lay  Ihem  all  in  one  sireti  if  wc  can.  fur  ihe  rta-Min^ 
following: 

It  will  be  (heapcf :  as  ilie  Ircncb  need  not  urdinurily  be  lower  than 
30  inches  from  the  *urfa<-<!,  lixa lions  can  Ik-  secured  much  easier  than 
with  the  conduit  syslcni:  the  molerial  which  is  heavy  will  he  handled 
i-h(»|ieri  the  hilor  can  he  su{)erinteiide(l  for  le«  cost,  und  the  rc-siir- 
facing  ran  be  done  with  jpV'ater  facility.  Assuminf;  wc  are  ready  to 
Mart  the  work,  with  the  neivNuiry  foreman  ami  suli-foreman  at  hand, 
wc  Mart  in  and  ^et  the  hloikx  <vut,  then  get  the  men  in  with  the  picks 
and  NhoveU,  und  as  .-uHin  us  the  trench  ix  Ixitlomeil  nut  for  jo  (eel  in 
length  we  ciin  Iwgin  to  drop  the  tube  in  place,  and  ^el  the  jotnien  at 
w^irk  "II  the  uinneiiiiin.i,  and  a»  (he  exiavation  [tn)Kr«'«w  we  ran  ji;et 
in  mure  tulics  aiwl  ronnwl  (hem.  In  the  meanlimc  the  compound 
keltlo  hav«  l«en  heated,  ihe  cLamiu  and  the  coupling  l^i>xe>  luive  been 
placeil  under  and  over  the  iDiincvlions  Iwlwcen  each  end  of  ihc  con- 
neclcd  lubes,  and  hu\e  been  boltei]  together  uiul  are  ready  (o  have 
(he  hoi  innulating  com|Hiunil  ixiunsl  in  ihem.  Ihc  boxes  may  not  be 
tilled  loo  fast,  nor  loo  near  full  a(  first,  for  it  will  be  belter,  if  they  ore 
tillwl  two  (hinln  ftiU,  (o  lei  any  Meam  which  may  generate  from  the 
contact  between  hot  com]>ound  and  cold  iron  have  an  opportunity  lo 
dry  out,  and  later  nn  fdl  the  iuncr,  cnnipleleiy.  and  then  screw  the 
plugs  in  the  pouring  holes.  Perhaps  at  this  lime  we  have  traced  a 
[loint  on  the  same  klreet  on  which  we  sitancd,  where  a  fcctler  ends,  and 
if  so  wc  neetl  a  6-way  or  a  lo-way  i.ooo-ampere  ralch-bux  or  junctinn- 
l>o-\;  that  K  an  unileritround  device  of  i.ooo  anii)crc«  capaiity  and 
having  6  or  10  stubs  projecting  from  its  base,  two  of  which  ire  for 
feeder  innnection.-',  the  others  bcinjc  for  the  pur|(osc  of  connecting 
the  mains,  of  which  wc  »>h»l)  »p(^k  bier.  (Sec  I'lale  No.  6,  Figure  1.) 
Therefore  we  excavsite  for  our  catch-box.  set  it  and  c»(  a  piece  of  lube 
of  Ihc  jmiper  lenjjlh  for  the  s|iiice  inleneninK  lietwcen  the  awl  of  the 
la:U  leni^h  of  lube,  biid  t'or  this  |uiniiiibr  feeder,  anti  connect  it  to  the 
line  und  also  to  one  of  the  feeiler  »tubs  of  the  cntch-boot,  and  ve  may 
then  coll  that  )iarticular  fcoler  connected  excefH  at  the  station  end. 
Such  |K>rt)ons  of  the  lino  u<;  have  been  connei-lcti  and  completed  may 
have  a.  length  of  plank  laid  on  mch  an<l  the  trench  may  be  hack-filtotl. 
Wc  may  uliw  n»KUmc  thai,  fmm  ihe  t>oini  where  we  set  (he  first  rjiHi- 


box,  which  would  naturally  be  at  the  junction  of  two  or  more  streets, 
the  balance  of  our  group  of  feeders  would  begin  To  lead  in  three  different 
ilirections  at  least,  in  order  to  have  them  arrive  a(  the  jjoints  indicated 
on  the  plans  as  feeder  terminals;  but  as  the  method  of  gettinj;  them 
there  and  making  the  terminal  has  already  been  described  on  one 
feeder,  we  will  consider  ihal  description  suflScient  for  the  balance  of 
the  K''oiip.  or  the  other  nine  feeders.  \\'e  hai'e  not,  however,  said  any- 
Ihing  yet  about  providing  for  such  an  emergency  as  having  one  of 
Ihese  feeders  out  of  service,  or  how  we  would  keep  the  pressure  in  the 
district  fed  by  that  tube  at  standard. 

There  is  a  device  that  can  be  and  is  used  to  cover  such  cases,  callcfl 
a  feeder-box,  which  iliflcrs  from  what  I  have  described  as  a  catch-box 
in  that  it  is  used  for  majiipulaling  feeders,  in  case  of  accident  to  one 
or  more  of  the  group. 

For  instance,  if  we  install  a  four,  six  or  eight  stub  feeder-box  in  a 
prcJUp  of  feeders,  and  enter  the  group  from  one  side  of  the  box,  and 
connect  them  to  the  cables  of  the  box  on  that  side,  the  current  will 
then  be  carried  in  and  through  the  box  to  the  other  side,  and  out  to  the 
other  portions  of  the  lines;  and  if  one  feeder  of  the  group  becomes 
faulty,  we  can  by  means  of  a  set  of  cable  jumpers,  so  called,  connect 
ihc  good  portion  of  the  faulty  feeder  to  some  one  of  the  group  of  re- 
maining feeders  that  are  perfect,  and,  if  the  faulty  feeder  is  burned 
out  on  the  station  side  of  the  box,  you  can  still  deliver  some  current 
from  the  good  lines  through  the  jumper  cables  to  the  terminal  of  the 
faulty  feeder,  Jf  the  feeder  is  burned  out  on  the  feeder  terminal  side 
of  (he  box,  you  can  still  use  the  cable  jumpers,  and  send  all  the  ciirrent 
you  can  to  the  several  terminals  of  the  good  feeders,  and  thereby  in- 
crease the  circulation  of  current  from  their  respective  terminals  and 
keep  the  pressure  as  near  standard  as  possible  at  the  terminal  of  the 
dead  feeder.  In  fact  a  feeder-box  is  an  extremelv  useful  piece  of  ajn 
paratus,  and  if  I  intended  to  install  a  complete  tube  system,  I  should 
))y  all  means  install  a  number  of  these  boxes  al  points  where  three  or 
more  feeders  were  located  in  any  one  street.  Plate  No.  6,  I'ig.  2,  will 
show  the  feeder  box  and  the  use  of  the  jumper  cables. 

Not  only  for  uses  aheady  described  are  the  feeder-boxes  available, 
l)ut  they  are  valuable  ■  indeed  when  grounds  or  crosses  occur  on  the 
feeder  system,  for  it  is  then  possible  to  cut  the  feeders  into  sections  and 
lest  in  either  direction  for  the  difficulty. 

If  the  "central  station  man"  has  had  his  system  installed  for  some 
years,  and  feels  the  need  of  a  small  sub-station  from  which  he  can  ex- 
tend a  few  feeders  in  the  direction  of  a  growing  business  district,  and 


hi-s  sy.-iem  is,  as  lirsl  in>lalled.  a  purely  low-tension  svstem,  then  he  will 
probably  need  one  or  two  lie  or  trunk  line^i.  These  are  lines  which 
leave  the  "'bus"  in  the  [>ower  station  and  extend,  exclusive  of  any  con- 
neaion  «nth  the  underijround  system  of  mains,  to  the  "bus"  in  the 
sut)-station ;  and,  if  so,  these  lines  will  necessarily  be  operated  at  a 
higher  voltage  than  his  feeder  lines,  for  it  will  also  be  necessary  to  ob- 
tain, in  order  to  use  the  same  vohage  lamps  throughout,  a  ''bus"  volt- 
age at  the  sul>-station  which  is  practically  the  same  as  the  feeder  "bus" 
v<>lta;;e  at  the  power  station,  ahhough  that  depends  entirely  upon  the 
amount  of  load  and  the  length  of  the  feeder  from  the  sub-station.  When 
such  lines  are  installed,  if  ihcy  are  tube  lines,  as  we  now  assume  they 
will  be,  the  t»-pe  of  feeder-bcvv  before  sjMiken  of  should  be  installed  not 
further  apart  than  1,000  feet,  for  the  i"()si  of  the  installation  of  the 
Iwixes,  in  case  they  were  not  used  and  repairs  were  needed,  would  in  a 
short  lime  l>e  overshadowcil  Iiy  the  icsl  of  making  openings  in  the 
street  from  which  to  make  test>.  not  to  sjn'ak  of  the  lime  saved  in  the 
interruyilion  of  senice  and  the  vexations  altendam  thereto. 

We  can  utilize  siill  further  ihcse  tie  or  trunk  lines,  for  if  we  wish, 
as  a  matter  of  insuranie,  we  can  c<iniiect  ihcsc  lines  to  the  catch-boxes 
through  the  medium  of  an  underground  switch-box,  a  device  which 
can  be  operated  electrically  from  the  switchlKKird  in  the  power  house; 
and  when  you  have  a  feeder  which  is  heavib'  loaded  develop  an  open 
circuit,  you  can  by  oj>erating  the  s\viich-l>ox  throw  the  current  frmn 
the  lie  line  into  the  system  of  mains  —  having  lirst  opened  the  switches 
in  the  sub-station  on  that  particular  line  —  and  put  the  switches  in 
the  power  station  from  a  "bus"  of  high  voltage  required  for  a  tie  line 
to  a  "bus"  of  lower  ^otlage  as  required  for  the  district  which  you  in- 
tend to  feed. 

In  the  matter  of  mains,  or  the  line  frc)m  which  you  will  tap  ser%ice 
lines  for  vour  customers,  do  not  make  the  scric)us  mistake  of  having 
the  first  installation  of  these  lines  go  underground  with  the  ct^pcr 
just  large  enough  for  pre>ent  use.  or  with  a  verv*  small  mai^n  for  future 
use.  \\  hen  you  install  them  you  may  say  you  have  enough  coj^fer  in 
the  ground  10  cover  the  Im-inc^s  for  a  number  t)f  years,  but  don't  for- 
get at  that  time  that  if  your  gucs-  is  crraiic  you  are  bound  to  have  an 
overli)ad  which  will  mean  a  hiiilier  amount  of  energy  lost,  excessive 
cost  for  re[>airs,  interruption  of  >ervicc,  and  arguments  from  customers 
who  mav,  perhaps  j'umIv,  complain  of  unsiiisfaciory  senice. 

I-ay  the  mains  on  both  .-ides  of  (he  streets  in  the  business  section 
if  you  can  possibh'  alTtird  it.  It  costs  you  a  certain  amount  of  money 
for  plans,  etc.,  to  prepare  in  lay  any  line,  and  the  men,  tools  and  stock 


mu-1  !;et  to  ihe  spot  before  j'ou  can  begin,  and  when  you  have  them 
there,  clon'l  make  the  mistake  of  not  having  the  stock  and  keeping 
them  there  long  enough  lo  lay  an  amount  of  line  sufficient  for  use  as  far 
into  the  future  as  careful  judgment  will  dictate,  for  the  amount  of 
money  you  can  spend  in  making  a  second  preparation  will  pay  the 
interest  on  quite  an  amount  of  investment  in  copper  for  future  use, 
not  to  speak  of  having  yourself  in  position  to  take  on  a  large  customer 
on  short  notice,  and  thereby  perhaps  save  the  business  to  yourself  instead 
of  seein;;  it  go  elsewhere.  All  of  ihe  coppers  in  Edison  main  tube  are 
usually  of  the  same  size,  and  nothing  smaller  than  200,000  circular 
mils  area  for  each  copper  should  be  considered  in  any  installation, 
ihiit  is.  in  a  growing  city,  and  you  may  decide  that  350,000  or  500,000 
would  be  more  to  your  advantage  in  the  end,  after  you  consider  in- 
terest charges,  maintenance,  and  the  value  of  being  able  to  take  on  busi- 
ness in  fairlv  large  items.  The  reliability  of  (his  type  of  main  lo  carry 
its  rated  load  is  not  to  be  questioned,  and  Ihe  repairs  are  not  as  a  rule 
excessive  on  a  well  installed  system.  Of  coiKse  they  are  not  as  easily 
i;otlen  al  to  repair  as  cable  mains,  but,  on  the  other  hand,  they  cost  a 
good  deal  less  to  install  than  a  drawing-iti  system  with  handhdes  at 
convenient  locations. 

The  installing  of  mains  should  contemplate  the  setting  of  a  junc- 
tii)n  or  catch-box  at  every  street  corner,  or  at  least  on  one  comer  of 
even-  junction  of  streets,  so  that  when  your  total  system  is  installed 
and  line  difficulties  occur  you  will  be  enabled  to  open  catch-boxes, 
take  off  fuses,  make  dead  any  one  section  of  your  .system  of  mains  that 
will  l>e  most  convenient  for  your  purpose,  find  your  trouble  easily,  and 
inconvenience  only  such  customers  as  are  on  that  particular  section. 

Just  a  word  about  the  boxes  of  all  kinds  which  you  have  in  the 
s\'stem.  It  will  pay  you,  after  you  have  them  well  installed,  lo  inspect 
them  regularly  and  know  that  the  fuses  or  catches  are  intact  on  every 
copper  which  has  its  lead  from  the  box,  and  keep  them  clean.  Do  not 
assume,  when  the  box  is  once  in  the  ground  and  sealed,  that  so  long 
as  you  have  no  line  trouble  they  are  O.  K.  You  may  have  a  customer 
who  complains  of  poor  light  and  notices  that  his  neighbor  across  the 
street  has  a  much  better  one,  and  in  such  a  case,  if  the  two  customers 
are  feeding  off  different  mains  from  the  same  box,  you  may  find  on  open- 
ing ihe  box  that  the  cause  of  poor  light  to  the  complaining  customer 
is  the  fact  that  the  current  is  feeding  to  him  from  one  source  only,  on 
account  of  a  blown  fuse.  Take  care  of  the  system;  it  pays  in  the  end, 
and  has  been  so  proven  by  expeqence.  Service  lines  we  must  also 
have,  and  100,000  circular  mils  is  small  enough  to  install  underground. 


for  you  cannot  ;iffor<l  lo  do  the  work,  or  at  least  incur  the  expense  of 
senice  installation,  for  a  less  rapacity  than  that  o(  the  service  above 
named,  which  is  loo  amperes  for  each  conductor.  A  j-conductor 
cable  insulated  with  rulilMr,  jute  and  asphallum,  and  with  a  steel  rib- 
biin  armor  outside.  is.gixxi  for  the  puqx>se,  for  it  is  small,  flexible,  easy 
to  «i)rk,  handy  to  conned,  reasonable  in  price,  and  durable. 

If  senice  lines  are  Ijeing  installed  at  the  rame  time  mains  are 
being  laid,  of  course  much  exjien.-e  is  avoidetl;  but  it  i?  necessarily 
true  that  many  services  must  be  installed  after  the  main  line  is  com- 
plete, and  in  the  latter  case  the  ijniund  can  l)e  oj>ene<l  over  a  coupling- 
bo\  in  the  main,  and  then  a  vcrv  >mall  trench  extended  from  thai 
point  to  the  customer's  premi>e-  where  entry  i?  made,  a  >er\ice  switch 
installed,  with  the  neit'»ary  fu>e>  ami  the  cable  connecteil  thereto. 
Before  b;ick  tilling  the  trencli  kvanized  plank  .-hould  be  used  to  cover 
the  cable,  to  prevent  the  pick~  in  h.ind-  of  other  workmen  fri>m  injurinp 
the  cable  in  the  future.  The  line  neiil  not  le  made  dead  for  the  pur- 
jMise  of  inslallini:  thi>  ty]ie  of  x-niie  if  yon  have  what  we  term  a  good 
"live  wire  man"  for  a  joiniiT  i  liui  in  ca>e  you  need  a  larger  >ervice 
which  is,  lor  instance,  the  r^inu-  >i/c  as  ilu-  main  itself,  the  line  would 
be  made  dead  long  enough  {•>  ]<u\  in  ihe  [Toi-cr  connection,  with  a  tee 
Ihix,  to  replace  the  straight  coupling  \»>\  K-i'ore  u-tii  at  that  ]H«ni.  In 
case  of  customers  who  have  heavy  and  important  lo;ul  demand>  on  the 
sv>tem.  the  main  itself  is  ^iimetime-  Id  into  the  building  and  out  again 
in  the  form  of  a  l<"'|>.  ><>  that  when  thi>  M'r\ice  i>  connected  comjilete 
to  the  li«>p  ser\ice  >«iichi>i>;ird.  current  will  W  taken  from  the  main  in 
either  or  iKith  directions  fn>ni  t"o  iunc^i.'n-lwl\e^.  and  if  the  main  on 
one  side  of  the  loi'l'  liecome-;  faulty  tht-  other  -ide  i-  still  available. 
IKi  m>l  make  the  mi>take  of  in^t:llling  -en  ices  on  a  too  cheap  l«sis. 
Make  voar  temiin,d  switch  >uli-tanli,il.  ami  haie  the  cable  leads  which 
are  conneitei!  to  its  terminals  put  up  in  a  thoroughly  subsianlial  and 
workmanlike  manner,  well  in>ulate.l,  and  ir.  fad  in  such  shape  that  iL 
'ill  reilect  creilit  on  your  meiho.!  I'i  doinu  businc>^  with  customers. 

.\:id.  now.  a-  to  the  dinerence  in  .i>m  of  the  two  >vsiems.  I  can  sav 
iha:  the  ii:l>e-leeiier  line  i>  i:!c.i!v-i  !'i:i  T:,a  t-e-t,  f  have  in  mind  oi>e 
trj;!k  line  l.'.iii  ir.  vor,.;;!;'  •.::  :'^iii;.  which  wa^  4--'55  fi'el  long  and  which 
« .1-  .irjwn  i;n'>  .1  ;ie«  ii'i>:',i!'..  (icner.i'i  ekvtric,  rubber  insulatetl. 
lead-c-'vereii  c.ii'le  w.i.-  u^e-i  ,-.-  f.-liviH-;  ;wi>  i.ooc.coo  circular  mil 
cable.-  I'-'r  i-i'-itiie  .ir-.c.  nei;ati\e,  ,■T:^:  ^>:■.e  icoii.iucior  pressure  cable. 
We  did  T.-K  .irau  :r.  .1  jic.ccv;  circul.tr  r-.:I  cabie  for  ihe  neutral,  bui  if 
we  h.iii  it  wi'iiii"  have  co>!  4>  cent-  tier  f.vt.  drawn  in  and  jointed,  and 
that  woul'i  h.uf  ci.nie  :r.f  '..-'..il  ,-o-;  of  ..ne  ii»>t  of  the  line,  includini; 


flu^•t^,  cable,  ami  even'  item  lo  make  the  feeder  ready  to  go  into  ser- 
\Wu,  $4,044.  This  with  the  price  of  copper  at  19  cents.  If  we  had 
usL'ii  for  the  same  line  No.  1,000  Edison  tube,  with  a  junction-box  in- 
stalled at  its  terminal,  the  cost  per  foot  of  line  would  have  been  $3.27 
iir  xilHiut  nineteen  per  cent  less  than  the  line  in  the  conduit  system;  but, 
on  the  other  hand,  even  though  we  had  cut  the  tube  line  in  sections  by 
reason  of  in.-.ialling  the  feeder-boxes  I  have  previously  spoken  of  for 
testing  iJurjMises,  no  doubt  we  should  have  paid  to  date  on  the  tube 
line  a  \lt)  large  percentage  f<)r  repairs  and  renewals,  more  than  we 
have  for  the  cable  line,  and  the  excess  of  its  cost  over  tubes.  On  mains 
it  is  the  same;  the  installation  cost  is  greater,  but  with  cable  mains 
j)roperlv  installed,  and  not  allowed  to  be  overloaded,  repairs  can  be 
made  quickly  and  without  opening  ground,  when  with  the  tube  mains 
vou  must  c>])en  the  street,  be  it  winter  or  summer,  and  at  much  ex- 
pense. On  services  as  on  mains  it  is  equally  true,  for  with  handholes 
and  cross  hii.Ncs  as  before  referred  to,  repairs  may  be  made  quickly  and 
safely,  at  small  exjjenHe,  and  with  no  detriment  lo  other  customers 
on  the  line. 

To  sum  the  matter  up,  the  advantage  appears  to  exist  in  the  con- 
duit system  undoubtedly. 

One  word  about  the  number  of  cables  in  a  .single  duct.  Don't 
crowd  them  too  much.  You  may  at  times  have  to  do  such  things 
as  that,  when,  after  your  conduit  is  complete,  in  due  course  of  time 
you  find  that  you  are  short  of  duct  room ;  but  if  so,  on  the  next  occasion 
of  duct  installation  add  a  few  more  than  you  may  need,  at  least  twenly- 
t"[\c  per  cent,  for  in  your  past  experience  you  may  have  found  that  it 
would  ha\e  been  cheaper  to  have  had  some  spare  ducts,  with  the  in- 
vchtment  for  the  same  lying  idle  for  awhile,  rather  than  have  paid  for 
ilie  repair  or  renewal  of  cables  upon  which  no  expense  would  have 
lieen  incurred  provided  you  had  not  been  obliged  lo  crowd  ducts  with 
more  cable  than  they  should  contain.  In  this  connection,  also,  do 
not  let  ihc  value  of  a  conduit  location  pass  Jn  a  disinterested  way.  Bear 
in  mind  ihal  in  these  days  everyone  wants  wires  to  go  underground, 
and  a  Incalion  for  a  conduit  should  be  considered  a  valuable  acquisi- 
tion, and  the  most  careful  use  should  be  made  of  it,  to  ulUize  to  your 
utmost  ability  something  which  you  have  for  your  own  use  at  present, 
but  at  the  same  time  something  which  all  "central  station  men"  are 
looking  for  all  of  the  time,  and  which,  if  the  business  is  growing,  they 
will  utilize  probably  to  your  detriment,  if  you  do  not  exercise  good 
judgment  and  fill  the  location  for  your  present  and  future  uses. 

About  ducts,  of  which  there  are  many  tj'pes  and  many  makes,  use 
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a  good  clay  duct,  from  a  responsible  concern.  Make  il  single  or  mul- 
tiple according  to  ihe  conditions  which  surround  the  itistatlation  of 
your  system.  Look  up  ihe  different  lyjies  in  a  thorough  manner.  Ask 
people  who  have  used  ducts  and  get  iheir  experience,  and  find  out 
that  which  seems  after  investigation  to  l>e  the  best. 

On  the  question  of  manholes,  don't  scrimp  on  them.  A  badly^ 
shaped  manhole,  loo  small,  with  not  the  proper  space  to  install  cables, 
not  to  mention  the  fact  that  your  men  have  got  to  work  in  them,  to  make 
repairs  at  any  time  in  twenty-four  hours  ptrhaps,  may  be  the  means  ol 
adding  more  expense  than  several  limes  the  amount  it  would  have  cms! 
vou  for  slock  and  labor  to  have  buih  them  right. 

When  vou  have  got  your  duct  and  cable  systems  properly  installed, 
and  vou  look  at  the  co^l  of  maintcnnme  each  month  as  compared  with 
your  previous  co>t  of  maintenance  of  overhead  lines  or  tube  system, 
you  will  feel  a  sense  of  sati-factiim  that  you  did  not  before  experience, 
and  in  case  of  troulile  in  the  streets,  by  rea.son  of  fire  and  the  many 
other  ditficuliie-i  which  lend  lo  make  overhead  lines  the  bane  of  a  ''cen- 
tral station  man';"  life,  you  m;iy  rest  content,  for  then  the  system  will 
be  lo  a  greater  degree  un<icr  your  control  only,  than  ever  beftM«. 

Concluding.  I  will  ^y  thai  it  has  Ijeen  my  intention  to  include  in 
this  paper  such  information  as  would  be  in  compliance  with  the  request 
of  the  Secretarv'.  and  all  of  the  detail  has  been  taken  into  consideration 
that  seems  necessary  to  enable  anyone  in  the  central  station  business 
to  proceed  with  the  installation  of  a  ntw  and  complete  underground 
svstem,  or  to  change  from  an  overhead  to  an  underground  system, 
without  serious  diffituliy. 

W.  P.  H.WCOCK. 
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N   preparing  ihis    rcpnrl    (.-fforl  hii-s   bucii  made  Ui 

Iselecl,  from  ihe  maCFrinl  at  hand,  that  which  mighl 
l>cst  finswcr  thu  ))iirposes  uf  the  Association.  It 
would  seem  a  waste  of  time,  aud  an  instance  of  mis- 
directed effort  to  attempt  an  cxplaniition  iif  meth- 
ods or  details  of  conslriution  and,  consc- 
tpicntly.  the  report  is  made  up  almost  entirely  of  ,uitite»iivu 
illustrations,  in  which  it  is  expected  thut  suggestions 
of  11  various  naturo  will  be  found.  Where  there  is  indecision 
concerning  what  is  best  for  a  given  purjiose,  the  mind  wiil 
obtain  the  desired  idea,  the  most  appropriate  of  many,  in 
glancing  across  a  number  of  illustrations  more  <ir  less  per- 
taininj;  to  the  purposes  in  view.     Experience  has  shown  that 

nothing  more  than 
this  is  necessary 
'""  to  those  directing 

electrical  work,  lo 
whom  the  faintest 
suggestion  almost 
JRvariubly  leads  to 
the  most  satisfact- 
ory results. 

The  illustra- 
tion of  the  ball- 
room of  the 
Waldorf-Astoria 
indicates  the  ease 
with  which  it  was 
poshible  to  festoon 
the  balconies,  .and 
thus  with  the  aid 
of  other  decora- 
lions  lo  produce 
an  cHfecl.  said  by 
those  in  charge  of 
the  hotel,  not  to 
have  been  equal- 
ed before.  When 
this  decoration 
was  under  consid- 
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eratiun.  there  was  snme  citiestiim  as  lo  iis 
effectiveness:  now,  l1ial  expcnentv, uraulanfc 
at  itie  illiislnuion  will  remove  any  fiirtliei-  duiibt.  Chum; 
and  effect  aro  hhuwn,  and  ilierc  is  left  only  the 
inieritieiliate  (jticsiion,  wlietiier  llie  cinnimuances 
justify  that  the  means  shall  be  providcO.  Antl  whnt 
is  tnje  of  the  ballrooni  of  the  Walilorf-Astoria.  iipjtlteK  with 
eiiual  weight  to  any  other  decoration  or  clfcci  of  that 
character. 

Again,  the  detoratiun  of  the  rotunda  of  a  lar;:e  deiian- 

nicnt  store.  at>|>eariii^  (in  anuther  page,  shows  the  effect  for 

Anolher   purpose   in   another  kind   of    treatment,  and  again 

there  is  left  only  Ihe  (|Ucstion  whether  the  necessary  means 

are  lo  be  provided.      It  is  regretted  that  this  photo- 

InalMpijiTt.  „^,j„t,  (]ogg  „p[  show  the  hundreds  or  thousands  of 

inent  ^tor*      ?     '    ,  ,  ,...,. 

incandescent    lamps    shining    through    the    mass    of 

jrreen  similux,  whicli,  introiluccd  as  an  opening  day  adver- 
tising medium,  was  a 
striking  success. 

The  pholiigrapli 
of  the  WiUiamsbnrg 
Bridge,  taken  on  the 
opening  night,  shows 
the  towers  and  cables 
outlined  with  incan- 
descent lamps,  in 
combinalion  with  a 
great  displiiy  of  fire- 
works —  above  the 
bridge,  consisting  of 

aerial    fire 
Mur,.c.p«l        ^fj^^j^^    ,,j^ 

beliiw,  an  at- 
tempt to  reproduce 
in  fire  the  falling 
waters  of  Niagara. 
The  tendency  lo  call 
for  the  assistance  of 
the  electrical  people 
in  matters  of  this 
kind  is  Inereasing, 
and  they  should  be 
ready  to  respond 
with  results  striking 
and  artistic.  Any  of 
the^te  reproductions 
tells  farmorc  through 
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the  glance  of  iui  eye  ihiin  could  l>e  loM— and 

understood-— llirouyli    the   medium   of    reams 

of  word  pictures. 

The  cltctric  liRht  entered  into  the  political  campaign  o( 

New  York  City  during  the  past  year  to  a  much  grc.-iter  extent 

than   formerly.     On   <"ne   of   thesi;   pages   is  ,'ihown   its  first 

upplicution  to  an  aerial  banner— that  of  the  John  F.  Ahearii 

Association.     The  border  of  hmipit   atiracted  attention  from 

many  blocks  away,  and  the  illumination  was  sufficient 

to  m:ike  the  banner  as  effective  in  the  night  as  during 

the  day.     Mr.  Ahearn  carried  bis  district  by  an  cnorm- 

ou.t  majorit)-.  and  thi.s  method  of  advertising,  might 

have  been  largely  responsible   for  the  result     Some 

other  ide.is  in  piditiial  advertising  are  shown  un  »  neighboring 

p,age.     All  cuninuinities  in  wliid)  polities  play  a  part  present 

unlimited  possibilities  fur  service  of  this  nature. 

Some  of  the  supplying  companies,  are  themselves  using 

Electric   Signs,  so  projiiabic   to   private   users.      On   one  of 

thew  pages   appears  such   a   sign    recently   erected   by   the 

Boston'  Kdisun   Company:   on  another  is  an  example 

by  the  New  York    Kdison   Company.     The  buildings   *^'«"  "f '^,''' 

•'..,,  ,  .  tiiingby  the 

so  advertised  are  large,  and  occupy  most  prommcnt    conipanies 

positions.     No  other  means  of  fi|uid  effectiveness  have 

licen  devised  for  lolling  ihe  story  which  the  companies  wish 

the   public   to   know — the  superiority   of  the   central   station 

service   over   the  private  plant.     Impressions  arc  created  of 
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the  striking  cfTcctiveness  of  the  eleclric  sign- 
if  here,  for  this  purpose,  elsewhere  for  any 
purpose:  the  central  station  service  is  aclwrlixcd  in  com- 
parison with  Hiid  iigainst  the  private  plant;  the  electric  eleva- 
tor against  the  hydraulic;  the  eleclric  motor  in  contrast  with 
other  methods  of  uhtaiiiing  power.  Furlhcr.  the  sign  ad- 
vertises the  building  tu  which  it  is  attached,  bathing  the 
neigh borhr>i)d  with  light,  crcfttiug  a  scene  brilliant  and 
attractive. 

Many  of  the  illustrations  Nhow  pu^^iblc  vHrictieft.  artistic 
and  i)therwise.  in  sign   design  and  the  different    positions  in 
which  signs  may  be  placed.     Home  advertisers  prefer  vertical 
positions,  others  honsontal;  some  select  the  roof,  others  the 
lower  portion  of  the  building.     To  some  a  plain  letter 
Signde-  ^jjj  appeal;  to  others  one  uf  fancy  design.     One  can- 

not pass  along  Broadway  without  noticing  the  illum- 
inated front  of  the  "Hofbntnhaus,"  outlined  in  light 
below  with  initials  above  in  turn  siirmounicd  by  a  crown  of 
electric  lights.  The  nighl  photograph  of  the  Broadway 
Theatre  shows  three  applications  of  the  electric  light  and 
gives  Hii  idea  of  the  exTent  to  which  this  method  of  advertis* 
ing  is  used  in  the  neighborhood.  When  the  photograph  was 
taken  a  storm  wjis  prevailing  so  severe  that  the  street  was 
deserted,  yet  the  light  remained,  telling  its  slorj-  to  an  absent 
audienc«.  The  Thorley  siign  on  another  page,  shows  the 
effectiveness  of  fac-simite  treatment,  and  the  marginal  illus- 
tration of  the  Casino  show-s  hoiv  a  building's  entire  facade 
may  be 
utilized. 

There 
is  some 
tendency 
Inward 
facade  i I  ■ 
1  u  ni  i  n  a  - 
lion  sup- 
plement- 
i  n  g  or 
elimina- 
ting the 
electric 
signs  with 
which  we 
iire  famil- 
iar. Where 
the  design 
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cade  t»gu<)c].  this  general  illiiirtiiialion,  thmugli 
which  the  buildinj:  speaks  for  iiself,  makes  last- 
ing impressiun  upon  the  public  thought.  An  ex.tmple< 
not  in  the  least  embellished,  is  shown  on  the  cover  of 
this  report.  The  effect  at  the  upper  cornice  is  pmilnccil 
by  escaping  steam  made  Umiinuus  and  Brclikc  with  red  incan> 
descent  iHntps  hidden  in  the  bowl  of  the  flnm  bcjiii.  Though 
on  a  narrow  street,  this  illumination  draws  to  the  building 
nightly  the  attention  of  thousands  from  distant  Sixth  avenue 
and  Broadway.  Another  instance  of  building  illumination, 
though  in  another  form,  is  that  of  the  I'abst  Caftf  and  Majestic 
Theatre.  Here,  the  building  is  partly  outlined  with  torches 
on  the  edge  of  the  roof,  with  striking,  though  incidental  use 
of  sign.s  in  varioos  .situations. 

Fi.tturcs  for  interior  illumination  are  perhaps  outside  the 
intended  limits  of  this  report,  yct,  at  leaj«t  in  remote  degree, 
they  are   related   to  decorative  lighting.     Not  always 
suitable  for  the  place  accorded  them,  when  proj)crly       „ 
placed  and  designed,  they  become  an   excellent  dec- 
orative possibility.     1   have  therefore  Included   «ome  of   the 
interesting  examples  brought  to  my  attention. 

The  Cooper-Hewitt  mercury  vapor  lamp  promises  to  come 
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into  vcr^-  )j:enerul  nse  fur  advertisin};  piiqiuscrt. 
Many    may   be  seen   in  shop  windows  where 

thvy  Httntct  nniisiutl  ntlcnlion,  anil  al  Icust  one  enclosed 

siga  has  beea  recently  erected  to  use  tliis  light.     The 

sign  consists  of  n  box  cnclosnl  by  glass  sides,  painted 
to  prevent  the  emistiion.  of  light  elsewhere  than  through  the 
letters  of  which  the  sig^  is  composed.  An  illustration  has 
been  reprndnced  on  one  of  the  following  pngeK. 

The  Moore  vacuum  light  also  has  important  advertisin}; 
possibilities'.     One  or  two  piiblie  entmnees  in  New  York  use 

it  and   one   of  the   offices  of   the  New    Vork    World 
""  *"  revives  entire  illiiminiUion  from  Moore  tubes  carried 

around  the  cornice  of  the  room.  For  signs,  both 
lamps  may  be  blown  into  words  or  shtiped  to  any  desired 
design. 

Several  of  the  larger  companies  are  installing  signs 
without  charge  to  the  user,  though  a  guarantee  is  usually 
asked,  based  on  the  ntiinber  of  letters  of  which  the  sign  is 

composed  or  the  cost  of   installation.     The  niteK  for 
ee  ns     -     j.j|rrert    usually     remain     unchangcd^the    difference 

being  this  guarantee  which  justifies  and  insureK  fair 
return  upon  the  investment  of  the  Company.  To  some  extent 
signs  may  take  the  place  of 
arc  lamps,  but  the  fact  should 
be  appreciated  that  they  give 
advertising  as  well  as  tight 
to  the  consumer  and  return 
somewhat  more  than  the 
average  arc  lamp  revenue. 
The  several  repnxluced  let- 
ters on  this  subject  arc  worth 
careful  consideration. 

It  has  seemed  desirable 
to  obtain  the  opinions  gen- 
erally of  the  membership  on 
this  subject,  and  early  in  the 
year  a  circular  letter  was  is- 
sued with  that  end  in  view. 
Many  of  the  replies  are  re- 
produced  in  fac-simile,  and 
will  be  found  worth  reading. 
The  "point  of  view"  of  a 
number  of  users  of  electric 
signs  has  also  been  obtained 
and  their  letters  are  repro- 
duced.    A  magnifying  glass 
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will    eliminate    any    indistinctness    resulting 
from  rediictiiin  of  size. 

Decorative  and  sign  lighting,  self  advertising  features 
of  electric  light  service,  may  be  likened  to  ihe  advertising 
pages  of  a  magasinc  or  newspaper,  from  which  the  supplying 
C'jmpanieK  and  their  customers  should  olitain  much  mutual 
benefit.  In  many  instances  it  will  be  found  necessary  to 
give  the  matter  special  attention  only  at  the  Iwginning,  after 
which  it  will  go  largely  of  itself.  It  is  not  unlikely  that 
in  the  future,  as  justifiable  appreciation  grows,  ns  much 
money  will  be  spent  for  this  kind  of  advertising  as  is  now 
expended  through  the  press. 

Respectfully  submitted, 

Arthur  Williams, 
Rtpcrttr,  Sign  <tnd  Dfcoraltve  Ug/ttittg. 
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APPENDIX    C 


REMOTE    CONTROL    OF 
ELECTRICAL  APPARATUS 


BY 

WILLIAM     H.     COLE 


(This    paper    was    read    at   Tuesday's    afit-nmon    sessiim, 
directly  after  that  of  Mr.  Eastman,  but  owing  to  an  oversight  in 
priniinfT  it  was  omitted  and  the  error  not  discovered   in  time  to 
insert  it  in  its  proper  place. — Editor.) 
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REMOTE  CONTROL  OF  ELECTRICAL 
APPARATUS 


The  object  in  presenting  this  paper  to  this  associ^ition  is 
to  bring  out  and  stimulate  interest  in  various  methods  uf 
controlling  apparatus  used  in  the  regulation,  conversion  and 
distribution  of  electricity.  It  will  deal  more  particularly  with 
methods,  both  proposed  and  actually  used,  for  the  control  of 
constant-current  apparatus  where  cost  and  convenience,  or 
bolh,  require  that  such  apparatus  be  placed  at  points  remote 
from  the  generating  or  operating  station. 

Of"  course  it  is  possible  to  locale  all  such  apparatus  in 
the  operating  station  under  the  manual  control  of  the  oper- 
ators, where  all  operations  incident  to  the  starting  and  stop- 
ping may  be  performed  by  the  attendants,  and  where  the 
necessary  remedies  may  be  applied  in  cases  of  trouble.  This 
course,  looked  at  from  an  engineering  standpoint,  may  be 
the  best  to  pursue,  but  for  commercial  reasons  it  must  at 
times  be  departed   from. 

Generally  speaking,  in  laying  out  a  system  of  distribu- 
tion, simplicity  is  aimed  at,  and  we  try  to  reduce  the  luim- 
ber  of  conductors  in  our  trunk  lines  to  the  smallest  possible 
number  consistent  with  the  demand  for  continuous  service. 
One  of  the  main  objects  in  locating  constant-current  appa- 
ratus in  substations  is  to  pmduce  this  result,  and  in  so  doing 
we  not  oilty  do  away  with  the  maintenance  uf  a  large  num- 
ber of  high-tension,  low-current  wires,  but  provide  mum  for 
duplicate  feeders  to  the  substation. 

While  locating  such  apparatus  in  substations  relieves 
us  of  the  burden  of  maintaining  a  system  of  distribution 
where  all  circuits  start  from  the  generating  or  operating 
station,  we  must  not  lose  sight  of  the  fact  that  such  location 
presents  an  opportunity  for  a  better  division  of  secondary 
circuits  with  a  corresponding  reduction  in  potential.  Suppos- 
ing that  for  economic  reasons  it  is  considered  advisable  to 
locate  apparatus  of  this  nature  in  a  substation  situated  at 
some  distance  from  the  source  of  supply,  this  question  naturally 
arises:  "What  method  of  control  shall  be  used?"  As  for 
several  reasons  it  is  not    desirable  to    switch    consiant-current 


apparatus  on  to  a  system  unless  the  relative  position  of  the 
fixed  apd  movable  coils  is  such  that  nothing  greater  than  the 
normal  current  may  flow, — particularly  if  incandescent  lighting 
forms  a  part  of  the  load — the  question  naturally  suggests  but 
a  choice  between  two  methods,  namely,  manual  or  automatic 
control. 

Manual  control  suggests  an  operator  on  duty  at  starting 
time  and  possibly  all  the  time  apparatus  is  in  operation. 

Automatic  control,  to  be  effective,  must  producesubstan- 
tially  the  same  results  as  manual  control  from  the  time  the 
current  Is  switched  on  to  the  apparatus  until  it  is  switched 
off. 

Taking  up  (he  most  imporiant  application  of  remote 
control,  I  will  describe  a  system  of  controlling  constant- 
current  transformers  connected  to  circuits  of  arc  or  incan- 
descent lamps  arranged  in  single  or  multi-circuits. 

In  applying  this  method  we  first  find  it  necessary  to  use 
a  special  counterweight  A-hose  weight  and  volume  bear  a 
certain  relation  to  each  other,  which  necessity  I  think  will 
be  obvious  after  a  description  is  given  of  the  workings  of 
the  system. 

Referring  to  the  diagrammatical  representation  of  a  con- 
stant-current transformer  of  the  two-coil  type.  Figure  i,  the 
means  for  controlling  and  the  operation  is  as  follows  : 

A  represents  a  partial  view  of  the  casing  inclosing  the 
apparatus  to  be  controlled  ;  Q,  an  adjustable  arc  carrying 
the  adjustable  counterweight  if' ;  //  and  p2  represent  the 
primary  mains,  and  si  and  S2  the  secondary  mains  leading 
to  the  lamp  circuit  ;  14  and  yj  represent  two  tanks  adapted 
to  contain  oil  or  some  other  suitable  fluid. 

P  represents  a  pump  of  any  suitable  construction  driven 
by  a  motor  (not  shown  in  sketch)  supplied  with  current 
through  the  secondary  leads  from  the  small  transformer  T. 
The  suction  is  represented  by  j7,  and  10  is  the  discharge  of 
the  pump  P.  ^  is  a  float  responsive  to  the  variation  of 
level  of  the  liquid  in  I'lu  tank  /j,  and  is  carried  by  the  arm 
or  lever  77,  pivoted  at  16,  and  operates  the  switch  iS. 

Connected  in  series  wiih  the  lamp  circuit  is  a  solenoid 
ij  controlling  the  vertical  movement  of  the  core  12,  which 
in  turn  operates  the  valve  V  in  the  lower  end  of  the  tank  14 

It  is,  of  course,  to  be  understood  that  this  sketch  refers 
to  apparatus  in  which  a  reduction  of  the  weight  IV  normally 
produces  an  increase  of  current  in   the  work  circuit. 


In  adjusting  a  constant-current  transformer  or  reactive 
coil  controlled  by  this  method  it  is  necessary  to  make  the 
counterweight  ff  sufficiently  heavy  to  slightly  more  than 
balance  the  weight  of  the  moving  parts  of  the  apparatus  to 
be  controlled ;  or,  in  other  words,  the  weight  must  always 
take  the  lowest  or  no-load  position  with  no  current  on.  This 
adjustment  is  of  course  made  wUh  the  weight  floating  in  air. 
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The  next  adjustment  is  to  cliange  the  volume  of  ((' 
without  changing  its  weight,  so  that  it  will  regulate  for  the 
current  desired.  This  adjustment  is  made  with  the  weight 
immersed  in  oil. 

It  is  evident  that  after  these  adjustments  are  made  the 
weight  and  volume  of  /F  is  such  that  Che  transformer  or  coil 


will  regulate  for  constant  current  with  the  tank  14  full  of  oil, 
and  wili  assume  the  no-load  position  when  tank  14  is  empty. 

Al  starting,  tank  14  is  empty,  valve  V  is  open,  switch  18 
is  closed,  and  tank  is  is   filled  with  oil   to  a  suitable  height. 

If  circuit  containing  translating  devices  is  closed  the 
solenoid  ij  is  energized,  core  ts  is  drawn  up,  closing  valve 
V.  Switch  18  being  already  closed,  transformer  T  supplies 
current  to  ihe  motor  driving  pump  P,  which  draws  oil  from 
lank  /J  and  forces  it  into  tank  14.  This  continues  until  the 
level  of  the  oil  in  tank  /j  is  brought  low  enough  to  operate 
float  F  and  switch  iS,  which  opens  the  primary  of  trans- 
former T,  causing  the  motor  and  pump  to  stop.  At  this 
point  the  oil  has  reached  a  level  in  tank  14  sufficiently  high 
to  entirely  immerse  \V  through  its  entire  range  of  travel. 
W  has  meanwhile  gradually  taken  a  position  depending 
upon  its  adjustment  and  the  load  and  regulates  for  coni^tant 
current. 

When  shutting  down  the  lamjj  circuit,  th_e  current  is 
switched  off  from  the  apparatus,  and  the  solenoid  jj  is 
immediately  de-energl/ed,  allowing  valve  V  to  open  by 
gravity,  which  allows  the  oil  to  flow  into  tank  /j.  As  is 
very  readily  seen,  this  action  causes  IV  gradually  to  take  its 
no-load  position,  and  switch  iS  closes,  thus  leaving  apparatus 
prepared  for  the  next  switching  on  <jf  current.  It  will  be 
observed,  of  course,  that  in  case  valve  V  should  leak  during 
the  operation  of  apparatus,  the  float  switch  would  automatic- 
ally close  and  oil  would  be  pumped  back  into  tank  14  to 
supply  leakage. 

This  system  has  also  been  worked  out  for  the  control  of 
transformers  of  the  large  si/es  where  more  than  one  second- 
ary coil,  balanced  one  against  the  other,  is  used  ;  but  it  is 
not  deemed  necessary  to  explain  it  here,  as  the  same  gen- 
eral principles  apply.. 

A  sketch  showing  the  arrangement  of  tanks  and  valves 
necessary  for  the  control  of  these  targe  iransfurmers  is  here- 
with shown.  Figure  ;,  and  from  it  the  operation  may  be 
deduced. 

In  connection  with  these  methods  of  remote  control  it  is 
desirable  and  profitable  to  use  some  method  of  disconnect- 
ing circuits  that  may  for  any  reason  accidentally  open. 

By  using  automatic  absiiluic  scries  cut-outs  we  not  only 
provide    means    for    keeping  all    lamps   burning    that    are    not 


on  the  faulty  circuit,  but  by  absolutely  disconnecting  the 
faulty  circuit  or  loop  from  the  rest  of  the  secondary  system 
we  remove  a  source  of  considerable  danger  to  the  public 
from  fallen  wires.  This  cut-out  is  arranged  to  be  thrown  in 
cases  of  open  circuits  by  means  of  a  spring  and  trip,  which 
trip  is  operated  by  a  solenoid  or  magnet.  This  magnet  or 
solenoid,  as  the  case  may  be,  is  connected  to  the   secondary 


of  a  small  transformer  or  compensator  whose  primary  is  con- 
nected in  shunt  to  the  loop  or  circuit  to  be  disconnected  in 
case  of  accident.  The  principle  upon  which  the  operation 
of  this  cut-out  depends  is  as  follows  :  During  the  normal 
operation  of  the  system  the  potential  impressed  upon  the 
primary  of  the  transformer  or  compensator  is  proportional  to 
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number  of  lamps  burning  on  the  loop  beyond  the  cut-out. 
The  core  or  armature  of  the  solenoid  or  magnet  is  so 
adjusted  that  the  normal  secondary  potential  of  the  trans- 
former or  compensator  is  not  sufficient  to  trip  the  cut-out. 
If,  however,  the  loop  or  circuit  should  open,  there  is  immeiii- 
ately  impressed  upon  the  terminals  of  the  small  transformer 
the  full  potential  of  the  constant-current  transformer  secondary. 
This  same  ratio  of  increase  also  appears  at  the  terminals  of 
the  tripping  coil,  which  is  so  adjusted  that  it  immediately 
trips  the  cut-out.  This  cuts  out  the  open  loop  and  re-estab- 
lishes the  continuity  of  the  circuit  through  the  remaining 
lamps. 

It  is  obvious,  of  course,  that  the  field  of  usefulness  of 
this  device  is  not  limited  to  indoor  or  Substation  use.  It 
may  be,  in  certain  cases,  desirable  to  cut  in  reactance  or 
counter  electromotive  force  in  place  of  the  disconnected 
circuit,  which  may  readily  be  accomplished  with  the  same 
apparatus. 

Of  course  it  is  well  known  that  remote  control  of  various 
kinds  of  apparatus  has  been  accomplished  by  the  use  of 
auxiliary  wires  operating  electro-magnetic  switches  or  other 
electro- mechanical  devices  that  by  means  of  levers,  weights, 
etc.,  may  be  made  to  perform  certain  duties. 

It  is  fully  appreciated  by  the  writer  that  remote  control 
of  electrical  apparatus  to  be  commercially  successful  must  be 
as  simple  mechanically  as  possible,  and  must  require  no 
auxiliary  wires  from  the  operating  station,  clock-work  devices, 
time  switches,  or  kindred   apparatus. 

Oil  as  an  agent  for  producing  the  necessary  changes  in 
the  effective  weight  of  the  counterbalances,  being  a  flexible 
medium  and  easily  handled  by  a  free-acting  pump,  tends  to 
give  a  reliability  to  the  performance  of  the  apparatus  which 
would  not  be  possessed  by  any  mechanical  device  calculated 
to  produce  the  same  results. 

The  development  of  a  successful  automatic  series  cut-out 
supplies  a  growing  want  for  a  device  of  this  character,  more 
particularly  felt  since  the  advent  of  the  high-tension  series 
alternating-system  of  lighting. 

The  system  described  in  the  foregoing  paper  is  the  prod- 
uct of  considerable  thought  and  experiment,  and  is  calcu- 
lated to  produce  the  desired  results  with  the  minimum  of 
mechanical  and  electrical  oimplcxitv. 


vLON//> 


TRADE         P'AnK. 

For  underground,  aerial,  suUmarintr,  sw-ttcht>oanl 
.ii>d,  in  Tact,  gcnc^rul  use,  wticrc  fin  ins-ululed  wire  ii 
required,  ti  has  no  i-i|niil. 

This  is  Itif  ununinious  opinion  of  Klectrical  Engi- 
neers and  Station  Managers  all  over  the  country,  after 
years  of  use  under  the  most  exacting  conditions. 

ONLY  ONE  GRADE  MANUFACTURED 
AND  THAT  THE  BEST 

Tlierefore.  in  buying  "Okonile"  no  cliances  are 
taken  vl  being  supplied  with  an  inferior  uriiclc  to 
meet  a  "cut"  in  price, 

.  A  fact  which  cannot  he  too  strongly  eiriphasized 
is  ihal  a  low  grade  of  wire  is  not  only  a  source  01 
danger  and  an  annoyance,  but,  in  the  end,  ol  fnr 
greater  expense  than  a  high  |p;rade. 


^ON/^ 


moral: 

USE 

'OKONITE" 


j-0^'> 


PRICES  ON  AMPLICATION 

Manufacturers  also  of  Okonite  Tape,  Manson  Tape, 
Candee  Weitth err- proof  Wires  and  Candec  Patented 
Pot  Heads, 

THE    OKONITE    COMPANY 

LIMITED 
253    BROADWAY.    NEW  YORK 


xivii 


THE  ELECTRIC  STORAGE 
BATTERY  COMPANY 


Philadelphia 


M«Ma*CUiHII)  01    IW 


"Cblodbe  Hccumulator" 


roR 


Central  Station  Lighting  and 
Power  Plants 

Isolated    Lighting  and  Power 

* 

Electric    Railway    Power   and 
Sub  Stations 

Telegraph,  Fire  Alarnif    Tele- 
phone, Etc. 

Send  for  Descriptive  Bulletins  and  Price  Lists 
....  SAifs  orriccs 

mm  >oril  wkim  <nxc-iM  st.  lou^ 


attflUND 


RiaKa  U49. 


CWMU 

(«M«i«i  teatrt  [r*clrk  0«  IM. 

larvalB 


AllBilwBt  ^-a.  A  lOlll  H- 

H4V'W.  tilM 
C  (.  Cr««B>aad,  Uaaagw 
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HERBERT    S.    POTTER 

Electrical   Eno^ineering 
a  11  (1    C  0  n  t  r  a  c  t  i  n  jf 

a4COMMi:BCKST.,  BOSTON,  MASS. 


^^ 


Edison  Li'g/tt  work  it  specially 


Axi^v?.Tio  I>-hiiijAtkj>  Wihe  »t  CAHi.Ji  Co. 


WIKI-^    ANll   «;A1>IjKM 


rOR     Ml-IISIAKINK.     ABttlAI..      |-NllKKUHOU7II> 


«.!.».  N'ew   Yohk   Crrv 


WESTiNGHQUSE  CHURCH  KERR  S  GOMPIHV 
ENGINEERS  AND  CONSTRUCTORS 

NEW  YORK 


BullfK-k  6  (lorsepowcr  Type  "  N  " 

Motor  Driving  41  inch   Boring  Mill 

at  World's  Fair,  St.  Louis 

Controlled  by  Bullock  Multiple  Voltage  Balancing  Set 

Direct  and  Alternating;  Current  Ap|):irj(u5 


Th. 


Bullock  Elec.  Mfg.  Co. 

CINCINNATI.  O. 


Ciina(li:in  reprcteniatives, . MHs-ClialtnerS' Bullock,  Ltd.,  MoniTCu I 
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Indiana  Rubber  & 
Insulated  Wire  Co. 


PARANITK  RUBBER  COVl-Rl-L) 
WIRES  AND  CABLES 

for 

I'luleri^round,  Aerial,  Submarine 
ami  Inside  Use 


TELEPHONE.  TELEGRAI'H  and  FIRE 
ALARM  CABLE.S 


*"  ^JrV-cTc'r;"*""        JONESBORO.  IND. 


For  Prices  of  Bare 

or  Insulated  Copper  Wire 


APPLY  TO 


John  A.  Roebling's 
Sons  Co. 

WORKS:   Trenton,  N.  J. 


AQENCIES  AM>  BRANCHES: 

New  York  Cleveland 

Chlc«£o  S«n  Fr«(*ctec« 

Forllsiid.  Ore.       Um  Anteles 


PhtUd«lphta 

AtUnta 

ScaKIt 


CIRCULAR    LOOM 
and  ELECTRODUCT 

The  Pioneer  and  Ideal  Conduits 

FOR      INTERIOR      WIRING 


Approved  by  all  Boards  of  Fire  Underwriters  in  the 
United  States.  Endorsed  and  used  by  Architects, 
Electrical  Engineers  and    Contractors       ::       :r       :;       ;: 


American    Circular 
LOOM    Company 


CHELSEA,    MASSACHUSETTS 

New    York:  R.   B.  Corey.  26  Cortlaiidt  Street 

Chicago:  T/ws.  G.  Grier,  128  W.  Jackson  Blvd. 

San  Francisco:  J.  X.  Cole  Co.,  660  Mission  Street 
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1 

HIectrical  Testing 

Laboratories 

I 

Electrical  Testa  aod  Standarditations 

■ 

Mmlnunor  ami  Oandiiotmtijr  tawta. 

<^»;lla   oC    tiHllCMJiijt.    KhoMUic    BDil    Inlmfittu 
lat-tniiB«nU   uTcr  •  wblu  tv\tr   nl   l~rr-|unnolM. 
Pnwrr-tmttOT<t.  Volu  wul  Ampi'tv' 

tUch  palcnuot  and  Bn«li<]owii  lot  oltti  •IMrnoUne 
•ir  tUnct  ■■unrmtK 

IVnnratiUllr  wiil  HjirMml*  ummnwirifiolfl. 

A  C  <m>i><r«nu  itetermliiad. 

OK<I]<iicnph  lattM. 

fVitU  i>T  Fu*M  and  drault-bmklcns. 

1 

Pfiotonielric  and  Lamp  Tests 

^1 

M<iuiamnr>nis  nt  llliilrlbiilinn  nt  IJuht. 

Stun:  lr<H  1  J.-itiiinTt  ri---  iluia-niilial  Ic.iu. 

niotOiiMtrlo    Hut     l.lf"     tiwbi     iipnn     lni<ani1cBrnnl 
Ijunp*  aiHl  Arc  Ijuap  CartnniL 
*            ItMnniliu-)'  iiMaibinl*  of  Cuiulli  l^mrpr  fUmlHhnl 

1 

^H 

Sptcial  Invest! ([it ions  and  Tests 

1 

li       1   i<      III-'  lire  nl  hiEh  pnwntlali.  hMTjr  L-umoU. 
« 11 1.  ij    ft«quoui.-ln>  auil  phow  relMJ'inA.  Mid  the 
Vi>iitripJ  '>t  mtinrt*|>h*irio  ("fiiilitli^nii.  wfjl  b^  usde^ 

(        Eledrical  Testing  Laboratories 

^^^n            mn  STBEH  md  EAST  RIVER.  NEW  YOKK.  N.  Y. 

^^^^^HH               -                  Tdcptiortc,  3959  79(1)  StrMt   ~  "■-   — 

1 

^^^K 

I 

^ 

^^ 

, 

R.  D.  WOOD  &  CO. 

PHILADELPHIA,  U.  8    A. 

1 

4 

Gas  Power  Plants 

The  most  economical  form  of  iilant  for  Central 
Station  Power  and  Light  Service 

ONE  HORSE-POWER    ONE  HOUR-ONE  POUND  COAL 

USING  ANTHRACITE  AND  BITUMINOUS  COAL, 
COKE,  WOOD,  TAN  BARK,  PEAT,  ETC. 

GAS  PRODUCERS 

FOR 

FURNACE  PURPOSES 

SEND    FOR   CATALOGUES 

1 

OAST   IRON   PIPE,    FIRE   HYDRANTS.   VALVES. 
FITTINGS.  HYORAULIC  TOOLS  AND  MAGHiNERY. 
GENTRIFU6AL  PUMPS  AND  PUMPING  £N6INES. 
GAS  HOLDERS.  ETC. 

1 
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Oar  Inner  and  Outer  lilnbes 

for  oil  eiKloMd  art  •>M«n>a  m«  th« 
BEST  AS  TO  QtAUTY  AND  FINISH 

Ixiii 


Write   iDr  calBleiuc   sal    prico 

IS  Murray  Street  New  Vork 
2d  Nat.  Bank  8(«Ik-  Pttuburc 
206  U'abash  AveniM      Chtcaxo 


43 


It  Costs  You  Morh 


will'  ilioulil  you  have  any  loan  from  llf  hi- 
[<>n|j~<vtn  ooe  tracmfotmcr  or  oiotorJ 
li  cusis  you  more  lor  tcpajrs.  ileUy*,  and 
lionr  ictrlcc  Ibun  ■  foil  cqaipinent  of 
^.•■.Z  aricmnn  ihat  vould  pii>w<L     ::     :: 

CARTON  LIGHT- 
NING-ARRESTERS 

wilt  make  you  safe  in  a// s  forms 

Their  imnll  air-gap  uike»  ih«  di»chaTKe 
l^m  Akiukk  tnorp  rtacklly  than  a  larfr  one. 

/^OX  use  OAT  ALL  Oy£RHEAD  CIRCUITS 

(tARTON-DANIELS  CO..  Keokuk.  Ia.,  U.  S.  a. 


T^ 


J.  G.  WHITE  &  CO.,  Inc. 

ENGINEERS,   CONTRACTORS 

43-«»    CXCHANGC    ^LACE.    NEW   YORK,   N.   T. 

ENGINEERING  DEPARTMENT 

I'nwiT  l*ri»]kcrllf-*,  Hii^jiiij  KalltiAi*.  sfr.,  *lc^4  for  TrvVl 
ConipHnlc"-  Hitiikara  Kuct  lriv#flior>-  rvitpumi*  M«<rh*kl^ii1« 
El#cir1ritl  ■n'l  Clvlt  >Cn|fLia«Tlp||  Depart mt'niL  Aol«  ■< 
Ciirifliillliiu  or  MjTh«r\UlMe  Knflnrer*  Tor  work  •B^rttfpAil 
lu  BUf  af  lib  ilrpArtiiivihl*. 

CONSTRUCTION  DEPARTMENT 

l:ivrtrlit  Il«lli>»>-i4,  Rl#<itrlci  Ll^lit  aihI  rowfir  Pluita. 
Stribni  llAllTAiiil«,  WAttr  Worlta.  Ost  Work*,  *li>..  m\v.^ 
liuLlt     Tvr    plih^r     flir^     amount     or     Tor    Ar|u*]    *»■<    jui4 

OPERATING  DEPARTMENT 

ElFctTii-  KallwuTi.  Ktmirlr  IJihi  kdiI  T^maw  Plan)*,  Ou 
Horll*,   lViil»r  Wntki.  itr,,   <-ipFtK(Pil. 

FINANCE  DEPARTMENT 

AitAUtahniro  k1>«i  Iti  AiiBBvif^s  in'rll^vlov*  *al«r|irU*«  for 
PubllE   K«>itca   I'llllllnt.   TrKntpaHa*l*a  or   •lh*r   Indo*- 


lrl«l  PnTpi 


.<......-.    J.  G.  WHITE  &  COMPANY,   LTD. 

33*  COLLCOe   HILL.    LONDON.   C.   C. 
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1 

National  Carbon  Co. 

C^I^T3>\rE>I^A.S<i:>^     OHIO 

' 

Columbia    Carbons 

FOR    ENCLOSED    ARC    LAMPS 

Columbia    Batteries 

FOR    AUTOMOBILES.    TELEPHONES 
EVERYTHING  NEEDING  BAIIERIES 

Columbia  Brushes 

FOR     MOTORS.     GENERATORS    and 
DYNAMOS         ::         ::         ::         ::         :: 

P 
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STANLEY 

RECORDING  WATTMETERS 

For  Alternating    Current  Circuits 

MAGNETIC  SUSPENSION 


No  Wear       No  FHctlon       No  Lost  Revonuo 
ALSO  ADAPTED  FOR  USC  AS  A 

Standard  Testing  Wattmeter 

ALSO 

Balanced  Thrust  Wattmeters 

N*  SMe  Thmtt  Na  Hinmer  Thruit  LHtt  tewal  Wtu- 

Slnd  lor  Bullilla*  ind  laTsiitiUlon  Iboul  MtUrt  r« 

STANLEY  INSTRUMENT  CO. 

GREAT  BARRINCTON,  MASS, 
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S  yy t  em 


INDUCTION    MOTORS 


t\ 


1 


THE.  S.    K.  C.  SYSTEM-INDUCTION    MOTOK8 

ufc  mjdc  in  lhti;<;  diiiincl  ivjki  to  men  j  wiilc  range  ol  operalins 
CQndllioni. 

TYPE,  A  MOTOR 
This  is  the  >i[nplc<it  iy|>c  <'l  ni»(i>r  cxiant.  Th«  annatuic  is  of 
ihe  "  Hiuirrc]  ugc  paUcrn  and  <*e«t  oo  ihr  muivr  is  reduced  to 
Ihftt  whkh  tnkc*  place  In  ihc  beariiiEi,  With  ihii  lypc  of  aiiAOt  a 
ilaninu  «>mpen>alor  l«  K<"<f'"T  uwd.  Th!«  finipic  device 
teduces  ibc  puiemJAl  applied  lo  die  primary  o(  Ihr  mulor,  rcsBh- 
iDg  in  a  corresponding  decrease  in  ine  suriinK  currcni. 

TYf>£    B   MOTOR 

In  (his  lype  ihe  suiiiriK  current  i«  kept  low  by  Inirrxlucing 
tIRilinR  resislanre  wiihln  the  secondary  circuit  This  motor  docs 
ncil  pnssrsii  (he  tnmciimpUcily  a(  const  ruction  us  the  type  A,  onin^ 
to  ilie  faci  lh«i  tlir  itniHiiire  has  n  pulur  windinig  and  a  device  (ur 
conveying  the  arm  a  in  re  resitianecis  a  nevctsury  adiiinct  In  its  con- 
sliuction.  bat  It  has  this  advantage— ii  uill  start  a  given  loud  with 
a  cuTienl  maleriatly  less  than  that  taken  t>T  Ihe  type  A.  TheiefoTe. 
it  it  rccommencted  where  the  motor  nnust  tlari  heavily  loaded  ami 
where  a  Urge  current,  such  as  Ihe  inoior  with  short-viTeuiied  ar- 
mature  lakes  whrn  lUrtlng  «t  full  loud,  would  be  objeciionablc. 

In  addtiton  (u  the  above  ire  also  manufaciure  TYPI^  C 
MOTOR  f>ii  larULlc  speed. 

Stanley  Electric  Manufacturing  Co.,  "Zr- 
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WESTON 

STANDARD    PORTABLE 
DIRECT-READING 


YoltmeUrs,  Ammeters,   Millivoltmeters,  YoltammeUrs, 

Millaminetefs,  Ground  Deteclors,  and 

Circuit  Tasters,  Wattmeters.  Ohmmaters. 

Portable  Galvanometers 


W*llon  titntird  Portlbit  01  ttol -■(•<«< ng  VDltni*r«p 

Our  P«rlabl«  lfl«lrum«nl>  ars  teoogntztd  nt  THE  STANDARD 
lh>  world  over,  The  Seml-PorUbU  Laboratory  SUndnrdt  are 
ttlll  betUr.  Our  StRtian  Vollmelan  and  Ammelers  are  unaur- 
patMd  In  poiiil  of  •xtrtm*  aoouricy  ind  lowul  oonaunption 
of  enorgy. 

Weston  Electrical 
Instrument  Company 

Waverly  Park,  NEWARK,  N.  J. 
New  York  Office,  74  Cortlandt  Str««t 
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Frink   Reflectors 

THB    GREAT    CHURCH    LIGHT 


To  light  nny  room  and  Kghi  it  cflctlircly,  KoaDitucBlly 
anJ  pkuftHnlty.  is  not  a  limple  mailer.  Wc  bare  made 
ii  specialty  <i[  jost  such  IJghlinB  lot  over  forty  y«ai» 
and  can  -guarantee  satistactorr  icsulis.  Our  ciiFic[itn<e 
gained  in  all  lines  »f  liifhling  during  this  lime  ii  at  your 
service  Ask  for  CAIaloifUe  and  estimate  on  your  next  can- 
tract.  No  church  liiihtine  sboutd  be  undertaken  without  con- 
siderii3g  Frinli  Reflectors;  contldetatlon  will  insure  aduption. 


I.  P.  FRINK,  551  Pearl  St..  New  York 

oeo.  FRtf^K  SPE-'KE/l,  Mmaagar 


THE  DOCTOR'S  ORDERS 


One  of  ihc  forcnii  I  .  :  r  ..f  ckctrical  cnginccr- 
h\^  was  recently  <.iiir'i  ii|uiii  to  cxmnint;  into  the 
ills  of  a  prolitlcs«  direct -current  Ught  and  power 
plant,  and  after  making  a  diagnosis,  he  immediately 
prescribed  DUNCAN  METERS,  with  instructions 
thiit  the  remedy  be  continued  indeliniiely  to  pre- 
vent A  recurrence  of  the  malady.       ::  :: 

Stall  tnr  balhlta  and  plliva 


DuDcaa  Electric  Manufacturing  Company 

LA  FAYETTE,  INDIANA 
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^^^H 
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SANDERSON  &  PORTER 

ENGINEERS 
CONTRACTORS 

1 

'  1  tK 

1 

Railway,    Liffhtp    Power    sad 
Hydraulic    Developments 

I 

.**«■' 

1 

^. 

52  WILUAM  STREET             NEW  YORK 

J 

t 

Read 

1 

1 

"  ELECTRICITY  " 

I 

The  only  ONE  DOLLAR  a  year  ELEIC- 
TRICAL  WEEKLY  in  the  world 

f 

J 

r 

i                                          SAMPLE.   COPY   FnBB 

ll^lectrlcity    iN  ewspaper    Oo. 

136   Liberty  Street 
NEW  YORK 
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Edge  Moor  Iron   Co, 

HIGH  GRADE 

Water  Tube  Boilers 

with 

Forged  Steel  Headers 


Mai-  Offlit  oW  iftrti 

EDGE  MOOR.  DELAWARE 


THE  BEST  ELECTRICAL 
PAPER     PUBLISHED     IS 

ELECTRICAL  WORLD 
AND     ENGINEER 

ll*  contents  Include  all  ihal  i«  la(«4(  and  best  in  every 
depArtment  of  cl«cirlc>l  voflc,  including  ccattal  sta- 
tion*, isolated  iilanls.  power  intntmlulon  work,  electric 
»ilwayt,  teleiitiony,  etc.,  atid  ti  (ivet  its  rca4<if  tbc 
be*i  and  vaan  reliable  newt  tervice. 

//  fy>   U    rraJ   ELECTRtCAl     WORLD   AND   ENGINEER 

Subscription  rate  $3.00   per  iinnum,  published  weekly 

McGRAW    PUBLISHING  COMPANY 

IM  LIUERTY  STREET  NEW  YORK 

Wrtle  («r  auli^nt  at  (leclrlal  and  eaclntHlnR  koala 
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INDIA    RUBBER   AND    GUTTA 
PERCHA    INSULATING     CO. 

Authorised  MBnufaolurwr*  of 

HABIKSHAW 
WIRES  and  CABLES 

Red  Core       White  Core       BlacK  Core 

rOB.  ALL  AEK.VICES  HIGH  AND  LOW  rRtSSURK 


Main  Office  and  WorKa:  YonKera.  N.Y. 
SkloB  Ofrica:  No.  tS  Conlandt  St..  New  YorK  City 

W.  M.  nAfttRSMAW.  Oanaral    Manatar 


You  Can 


reach  practically  all  the 
buyers  in  the  Central  and 
Western  States  through  a 
standing  advertisement  in 
the  Western  ELECTB.ICIAN 


You  Can  Not 


accomplish    this     through 
any  other  electrical  paper 

Fop  17  years  the  WE.STERN 
Electrician  has  given  its 
customers  a  satisfactory 
service.  Are  you  one  of 
them? 
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BOSTON 


SWITCH-BOARDS 


CENTRAL    STATION     LIST 

AND     MANUAL    OF     ELECTRIC    LICHTfNC 


PUBLISHED    QUARTERLY 


cdiulMiuc  ef  oomplai*  uul  a[icurfti*i  mourta  rruin  tiia  caatral  ttatkm  otan- 

KiiliiH  •Bil  lounldp*!  Ilihllus  plant*  of  7<onh  AmvrMv-nivKliltnv  Um  MHt 
li>  (■(  cBoti  navapKoji  MBcc  Mlilrva:  oiiiM.  adilraMH  luul  potittoM  m 
o[not.-rv:  uatUT«  of  Meam  aod  RonfTrttlEiitf  pUnL  «1tlt  luuicliy.  aad  name  tit 

£iK'Hiiilrw4^jil  Inoiiit,  T1.c',:day  (ttrrultv;  t^llalxtatJoh^  tijilur^iif  ctly  ("iibtracl 

Tim  Mimiuil  of  EUvii'Jo  J^kllnK  raOordaUl  proicramniri  and  boanlior 
■ilitclric  K/lxInK  aisWcliituiiu^pRliiniiraod  lUI*.  IdcIuiUuk  ean>rully  lUitailcil 
rrj'i'na  i>f  thf  Ir  nii^Fiintpi^fllr^irlinaB  And  Mliona.  partlniliulr  Uin  riibwand 
ntBnlllU^ll■  d1afUaH>d  or  j^|n<^  Each  qiian«r,  nluablp  dnla.  labli*.  aUUi- 
ili^t.  rcpcrw,  alv..  ar»^pHi'(ii»a,  bMiliwc  upon  Dentml  ilalloD  cotuUUun*. 
fimrtloo,  tipt-niiJiin^  ttmTniiijano',  lnipitivpinon(,  rlc  mi  Ukat  vw*rf  contral 
ilntlon  tnun  will  tlnil  wiiDMIiitiii  Id  pacb  Inur  lii'll«p--n>«tile  Id  hladwly  work. 

TliD  <:lf«n  oi^opf fudoD  for  flintliRloal  work,  eilsiloB  be<*<Pti  Uie  pul^ 
llnhcni  <t  Ihli>  "  I.lxl  '  uikI  (I»  Xatirinal  Elwnrli!  l.lKlit  AwocIbUod  Innma  (or 
Ihp  "  LUl "  t.)>o  mAilmiiin  'Iricn^  of  onmplvlenMM  uiid  a^-vurHCy 

SUBSCRIPTION   PRICE  »4.00   PER  YEAR 

114.  LIBERTY  STREET 
NEW  YORK 


\Vri<f    /-/r     tprri.il 

Central  Station  List 
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\\  estinghouse 

/nW^raiinir  Wattmeter 

The  Original 

^  li^kv  »tich  others  havo  rollowcrl 

The  Standard 

^  whlcti  uCliri>  nn-  judged 


Ty]i«'  A  \ValtiD«i«r.  wlUi  Ghu  Cnvrr 

The  Type  "A" 

ftdImxIIcs  all  lli»  wsll-ktintm  H'Mlinxlinusr  r«tttirM 
Wrlt«  for  foMer  4D2J 

Westinjfhouse   Electric  &    Mfjf.  Co. 

S*lc»  uf»ie»  III  all  Ijin*  Cltln  PIIUtXtTK.  PS- 

l-'or  Cawda:    C«iu>4lan    WnllnghnuH   Co.,     Lmttid.    NaHtlMn.    OmlMlo 
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